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0 Prodrugs of phosphonates. 



0 There are disclosed novel oral prodrugs of phosphonate nucleotide analogs which are hydrolyzabte under 
physiological conditions to yield compounds which are useful as antiviral agents, especially as agents effective 
against RNA and DNA viruses. They may also find use as antltunrtor agents. 
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The present Invention relates to novel orally active prodrugs of phosphonate nucleotide analogs, their 
pharmaceutically acceptable acid addition salts, a process for their production, and to their use. The 
prodrugs of the present invention exhibit antltunnor activity and a broad spectrum of antiviral activity. 

Infectious viral diseases are recognized as an important medical problem. Progress against Infectious 
5 viral diseases requires the development of drugs with selective antiviral activity while remaining benign to 
normal cell lines. Among the antiviral agents currently under, study, which seem to possess selectivity, are 
phosphonate nucleotide analogs. In general, these compounds are structural analogs of the mon-. 
ophosphates nucleoside analogs. 

A number of phosphonate nucleoside analogs have been described In the literature. These nucleoside 
10 analogs have been described as potent and selective antiviral agents with activity against a broad spectrum 
of DNA and RNA viruses. 

For example, Q-iS-hydroxy-a-phosphonylmethoxypropyl (HPMP) and (2-phosphonylmethoxy)ethyl 
. (PME) analogs of purine (adenine (A), guanine (G). 2,&<Jiaminopurine (DAP). 2-monoaminopurine (MAP), 
hypoxanthlne (Hx) and pyrimidine (cytosine (C), uracil (U), thymine (T) were evaluated for antiviral 

76 properties. (S)-HPMPA, (S)-cyclic HPMPA, (S)-HPMPC, (S)-HPMPG. (S)-HPMPDAP. PMEDAP. PMEG and 
PMEA were active against herpes simplex vims, type 1 and 2 (HSV-1 and -2). (S>-HPMPA and (S)-cycHG 
HPMPA were active againt varicella zoster virus (VZV). (S)-HPMPC was active against human 
cytomegalovirus (HCMV), a common cause of opportunistic infection in AIDS patients. (S)-HPMPA and (S)- 
cyclic HPMPA are active against adenovims and vaccinia vIois. PMEA. PMEDAP, and PMEMAP are active 

30 against human Immunodeficiency viurs (HIV), the human retrovirus responsible for AIDS. De Clercq. et al. 

Antiviral Research , 8: 261 -272 (1 987). ' 

Bronson. at aj., report on the series of acyclic nucleotide analogs having a common PME side chain 
attached to a purine or pyrimidine base which were prepared and selected for in vivo antiviral activity 
against retroviruses and herpes viruses. The adenine analog. PMEA. showed good in vitro activity against 

26 HIV and Rauscher murine leukemia vinjs (R-MuLV), and was more potent In vivo than 3'-a2ldo-3'- 
deoxythymidlne (AZT) in the treatment of R-MuLV in mice. PMEA also had a significant antiviral effect In 
vivo against murine cytomegalovirus (MCMV). and in vitro activity against HCMV. The guanine analog! 
PMEG, was exceptionally potent in vitro against herpes viruses. In vivo . PMEG was >50-fold more potent 
than acyclovir against HSV 1 infection in mice. Nucleotide Analogs as Antiviral Agents ; ACS Symposium 

30 Series 401; Martin. J. C. Ed.: Washington. DC. 1989, Chapter 5, pp. 72-87. Kim. et al., in J. Med. Chem ., 33: 

1207-1213 (1990), describe a similar series of compounds. 

De Clercq, et al. in Nature . 323 : 464-467 (1986) state that (S)-HPMPA has potent and selective activity 
against a broad spectrum of DNA viruses, including HSV-1 and 2, VZV, thymidine kinase-deficient (TK") 
mutants of herpes simplex HCMV, phocid herpesvirus type 1 (seal herpesviojs. SeHV). the simian 

35 herpesvims platyrrhinae (HVP). suid herpesvirus type 1 (SHV-1, or pseudorabies virus or Aujeszky's 
disease virus), bovid herpesvirus type 1 (infectious bovine rhinotracheitis virus, BHV-1). equid herpesviruse 
type 1 (equine abortion virus, EHV-1), African swine fever (ASF) virus, vaccinia virus; and human 
adenoviaises, and retroviruses such as murine sarcoma virus (MSV). It is also reported that, in mice and 
rabbits In vivo , the compound is effective against both local and systemic infections with herpes simplex 

40 virus type 1. including herpetic keratitis caused by a TK" mutant which is resistant to the classical anti- 
herpes drugs. 

European Patent Application 205.826. to De Clercq. et al. published Dec. 30. 1986. discloses that 
HPMPA analogs are active against Moloney mouse sarcoma vims, and are expected to be effective against 
retroviruses in general. Reist and Stunm in PCTAJ.S. 84/00737. published December 6. 1984 disclosed new 
45 phosphonic add analogs of nucleoside phosphates which are useful as antivirals for Incorporation into viral 
DNA. 

Adenine phosphonic acid analogs and their synthesis are disclosed in the United Kingdom Patent 
application of Holy, et al.. GB 2.134.907A, pubOshed on August 22, 1984. and it's related United Stales 
Patent. No. 4.659.825. A prefen'ed example of one of these compounds, is known as (S)-9-((3-hydroxy-2- 

50 phosphonylmethoxy)propyl)adenine (HPMPA). HPMPA was disclosed by E. DeClercq. et al.. in Nature. 323: 
464-467, (1986). In Anti^^ral Research . 8: 261-272. (1987). and eariler by A. Holy, et ai.. NucieiTAdds 

Research . Symposium Series No. 14: 277-278. (1984). 

Phosphonylmethoxyalkylpurine analogs have also been evaluated for their antitumor activity In murine 
tumor models. HPMPA. PMEA. and PMEG were found to be active against intraperitoneal P388 leukemia 

55 PMEQ was also found to be active against Bie melanoma. Rose, et al, J. of the Nat. Cancer Inst., Vol 62 
No. 6 (1990). 

A problem witii nucleotides and otiier ionic organophosphate esters Is their inability to traverse 
biological membranes. Uebman, et al, J. Biol. Chem. , 216: 823 (1955); Roll, et al, J. Biol. Chem., 220: 439 
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(1956). These compounds must, therefore, be givef> parerrterally in order to achieve adequate serum levels 

''T^Ja!'t^t^''S'is highly undesirable, especially with HIV infected patients. With HIV Infected 
patients oral treatment is preferred since (i) HIV infected patients are very ill and need to be on chronic 
5 Semotherapy programs to maintain their health; (ii) the risk of using needle stick and presence o blood .s 
WgrrZL workers: (iii) disposal of infected needles is problem; and (iv) the need for long-temr, 
maintenance therapy. ^ circumvent the above-mentioned 

problem. The present application, thus, relates to the preparation and use of a number of oral prodn^s of 

»o phosphonate nucleotide analogs. .... udmd/* mu^ 

in J. Med. Chem . 32:1457-1463 (1989). Bronson et al.. disclose the synthesis of HPMPC where.n the 
follovfing compound is disclosed as an intermediate 



>5 



30 



OCH^h 



2S 



In Nucleotide Analogs as Antiviral Agents . ACS Symposium Series 401. J.C. Martin. Ed., p. 72. 
American Chemical Society. Washington. U.o. (1989). Bronson et al.. disclose the synthesis of phosphonyl- 
methoxy erther derivatives wherein the following compound was disclosed as an intennediate 
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35 




* '^S?o^1Sert EP-270.885 of Webb, et a}., published June 15. 1988 discloses a process 

for the preparation of purin-9-ylalkylenoxymethyl phosphonic acids, wherein several Intennediates are 
produced in the practice of the process. One such intemiediate is dialkylphosphonylmethyl which has the 
general structural formula 

45 

PG — B 

ilki 0 

I " 
so C — OCH2 — P — OR'' 

I I 

Apg 

55 

wherein R' and fP. independently, are selected from Ci-salkyl. 

European Patent Application EP 253.412 of Holy, et al.. published January 20. 1988. discloses the 
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10 



preparation of a series of N-phosphor)ylmethoxyatkyl derivatives of pyrimidlr>e and purine bases exhihitino 
intermediate has the general structural formula "«u«w. une sucn 

0 
II 

B — CHj — CHg — 0 — CH2 — P — OCgHs 

OCaHs 

European Patent Application EP-269.947 of R. R. Webb. 11. et at., published on June 8 iflafi = 

r2 0 

I i II 

B — alk, — C — aik3 — 0 — C — P — OR^ 

il»C2 OR'' 
I 

0 

whe|^n R» and are independently selected from hydrogen. C,-u ailcyl. phehy, and phenyW,^- 
The art compounds are generally distinguished from the compounds of the instant invention h« th« 

2rr^;^fj:rru^'' ^ « ^^^^^ ^^'-^^ 

This invention relates novel prodrugs of phosphonate nucleotide analogs which exhibit antitumor activlh/ 
and a broad spectrum of antiviral activity and some of which may be usedorally ^ 
THe compounds of the instant invention comprise a diester-phosphonate link to nucleoside anak)a<i of 



20 



2S 



30 



35 



40 



P — CHg — 0 — r3 — B 



FORMULA I 



60 Wherein 

hypo^XeTlSrorT ''''' ^^""^ ^' ^' 

R' and R" are identical or different and Independently of one another are each OR* NH, NHR* or N- 

R'««l»e.elilnd«»«l«ly,W««OH..nclR'i,.lvLl,^«^ B CH(OH,OW)CH,. 
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R* represents a physiologically hydrolyzable ester group such as CH2C(0)NR?2. CHjC(0)OR? CHaOC- 
(0)r" ?H(y)oSiSM^ t or Js stereochemistry). CH.C(R'hCH,OH. or CH,OR»; R* may also l« R» 
orovided that R* atKl R*' are not simultaneously alkyi; ^ . . ^ . k.. 

Rs represents C, - C^o alkyl. aryl or aryl-alkyl which may be substituted or unsobsfluted by 
substituents independently selected from the group consisting o( hydroxy, oxygen, nifrogen and halogen; _ 

R^- represerSs C - C^o alkyl. aryl or aryl-alkyl which may be substituted or ""^^bsUtuted by 
substituente independently selected from the group consisting of hydroxy, oxygen, nitrogen and halogen. 



and 

2 is independently chosen from 



10 



16 




OR 




20 



25 



30 



35 



Q is independently chosen from H. CI. NHR^. nrs,. fMHC(0)R5. N(C(0)Pfih. OH or NCHN(f^fe^ 
IncLed ^hin the scope of the i-wentlon are the pham^aceutically acceptable 

metal salts and the solvate of the compounds of Fom,ula I which may ex«t m various tautomeric fomis. 
t orl ipect. the application relates to a process for the preparation of the ^^^l^fj^.^^'^ 
In another aspect, the application relates to the use the compounds of Formula I as a method for tf» 

treaLTS ^iS^ectionsTn a mammal, which comprises administering an effec«ve non-toxic dose of at 

'''lrhrJ^<;'^e"Siiation .Blates .o the use of the compounds of .=ormu.a I as a method for 
inhibwS^groXf a tumorTa mammal bearing a tumor which comprises administering an effective non- 
toxic dose of at least one compound of Fonnula I. .«««^ ..♦iiih, «« ma 

The compounds of Formula I are prodmgs of phosphonate nucleotides and have f^^^J'J*^* 
known or parent nucleotide analog, "mus the compounds of Fom,ula I are useful as antviral and antrtumor 

^"ime novel compounds of the present invention provide marked advantages over known nucleotides or 
analogs thereof in that these novel compounds are orally active. ^ » , ,^ 

tS most preferred compounds of the invention are listed below, and experimental <tetens JorMjeJ 
prepSJtion and characterization foltow. Those which are not shown by specfte example are readily 

'T?eferr::1Srpte'':nS^^ of tt,e instant inve^ion are the compounds having .he genera, 
structural formula as shown In l=ormula (II): 



40 



45 




SO 



FORMULA II 

'''Tr' and are as described In Fomtula l. provided that when Q is NCHN(R')a. then R* Is n« CH^ 

X represents hydrogen, methyl. CH2OR? (R:S; or RS stereochemistry), hydroxymethyl or substituted « 
unsubS?l^ alK?l; when X Is CFfeOf^. R' and ff. may additionally be independently chosen from 
55 OH; and 

proJS R^ is not CH.Ph. and R- and R^ are not boj ethoxy; further, whej r; is 

Sxy and R» is hydrogen. R» Is not methyl: and furth r provided that when R' is melhoxy and R» is 
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hydrogen. Is not octyl. 

Another preferred example of the compounds of the instant invention are the oompoonds havina the 
general structural formula as shown In FormuJa (III): compoonas having the 



I 

10 R 



I a 



FORMULA I I 



16 



wherein 

B, and R» are as previously described in FormuJa I; 
X is as described In Formula II; 

represents OH. NH2. NHRS, or NRSj; and 
20 R5 is as described In Formula I. 

n«nf l!f rr^^^'f ^^'^'"^'^ °* compounds of the instant Invention are the compounds having the 

general structural formula as shown in Fomiura (IV): 'pwunas navmg tne 

25 0 

.'11 



)10 



30 " 




35 



40 



FORMULA IV 

wherein 

SioTnH mf'^ l!"^'"^' "^'"^'^"^ independently of one another are each NRi^. or oxygen- 

R 2 ^^Zr^T'^'' "^'^^'^"^ independently of one another are each hydrogeTS^- 
R^2 represents hydrogen or a lower alkyi; ^ ' 

m and n are identical or diffeient and Independently of one another are each 0 or 1 
B and are as described in Fomr^ula I; and 
45 X is as described In Fonnula 11. 

Yet another preferred example of the compounds of the instant Invention are the compounds havino the 
general structural formula as shown in Formula V « me compounas having the 



50 



55 
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B 




* stereochemistry is or RS 



FORMULA V 



R" represents OR*. NHR*. Nf^t. or OH. provided that R» is rrat OH when B is A or C: and 
B, R* and R* are as described in Formula I. . ^. ^ • v 

The term "C, to C2o alkyl" as used heran and in the claims (unless the context indicates otherwise) 
means saturated or unsaturated, branched or straight chain hydrocarbon group having 1 to 20 carbon atoms 
such as methyl, ethyl, propyl, isopropyl. butyl, isobutyl. t-butyl. etc. Unless otherwise ^fi«J 
oaiticular instance, the term "substituted or unsubstituted" as used herein and in the claims is intended to 
mean hydrocarbon group wherein an atom, element or group is regarded as having replaced a hydrogen 
atom, said substituted alkyl groups are preferably substituted with a member selected from the group 
consisting of hydroxy, oxygen, nitrogen and halogen. ... . v ^ » - 

The term "prodrug" as used herein and in the claims (unless the context indicates othenwise) denotes a 
derivative of an active drug which Is converted after administration back to the active drug. More 
oarticularly It refers to derivatives of nucleotide phosphonates antiviral drugs which are capable of 
undergolno hydrolysis of the ester moiety or oxidative cleavage of the ester or amide moiety so as to 
relea^ aSve. free dnjg. The physiologically hydrolyzable groups serve as prodrugs by being hydrolyzed 
in the body to yield the parent drug per se. and thus, the prodnjgs of the present invention are preferably 
administered orally. 

Synthesis of the phosphonate nucleotide analogs 

The phosphonate nucleotide analogs are known compounds and therefore, the compounds as such and 
their chemical synthesis are not a part of the present invention. The synthesis of a number of phosphonate 
nucleotide analogs have been described in the literature. « „ ^ 

For example, the synthesis of the phosphonates PMEA is disctosed in Holy and Rosenberg.Collect. 
Czech. Chem. Commun.. 52:2801, (1987). and Bronson. et al. Nucleotide Analogu^ as Antiviral Agents. 
ACS Symposium Senes 4 0T J-C Martin. Ed., p. 72. American Chemical Socle^. Washi^w. u^. (iaB»). 

Bnjnson. et al. J. Med. Chem. . ^: 1457-1463 (1989) discloses the preparation of HPMPC from (R)-2.3- 

^^r^^^^Xjication 253.412. published January 20. 1988 to Holy, et al. discloses methods fbr 
the preparation of PME and HPMP analogs of pyrimidlne and purine bases. 

RecTntly Holy et al Collect Czech. Chem. Commun. . 54: 2190-2210 (1989). described the preparation 
of N-(2-phosphonylmethoxyethyl) ("PME") analogs o* purine and pyrimidlne t»ases as analogs of the 
antiviral 9-(2-phosphonylmethoxyethyl)adenlne ("PMEA). THe synthesis consists of alkylation of alkaU metal 
salts of heterocyclic bases or their N-or 0-substituted analogs with diethyl 2-p-toluenesulfonyloxyethyox- 
ymethylphosphonate. 2-chtoroethyoxymethylphosphonate. or 2-bromoethyoxymethyl-phosphonate. "me ob- 
tained r^(2-diethyoxyphosphonylmethoxyethyl) analogs of heterocyclic bases were treated with 
bromotrimethylsilane to give phosphonic adds. The phosphonic acids were prepared f^"; ^rimidines 
(uracil, cytosine and their 5-methyl analogs), purines (adenine and its and C(2)-8ubsUtuted ««togs. 
hypoxanthine. guanine, e^ydrazinopurine and 6-methylthiopurine etc.) and their analogs (3-deazaadenine 
etc.). 
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Synthesis of dialkyi phosphonates 

g - - . 

phoSSla,:^^!?^/'" ''''''' dich,OK,phosphc.ates can be prepared by reac«„g 

10 P 0 

I 2 PCI. M 

CHj-P-OH CH3-P-Ct 
OH dl 

SrSies tJS^i,^^.^"^" <iich.oropHc^Hona.s can be p^pared by reac«n9 ,«.ethy. 

0 0 

II SOCI, II 

20 R— P-OCH3 — ^ R— P— CI 

^ -^^T^f: ®* ^' (Tet^a^edror. Lett., 3261. (1990)) has shown that dichlorophosphonates can be reacted 
25 With alcohols or amines to give dialkylesters or dialkylamides: P"on^ can oe reacted 

0 ■ 0 0 

L' _ . R'OH or _ II . Tt 



30 



R-P-CI R-P-ORi or R-P-NR'j 

^2 



CI OR' NR2, 



The subsmuted phosphonates of the present invention were prepared by several methods- 1) Reaction of 
ss d^^SSrZi^air ^'^^ C^NoropfKsphor^te whL was reactedl^rto^vSVi 

0 o bo 

R45-OH 55£l2. r4.'_cl fi]DH R_^i_oRi R-.t!-NR2R3 

* OH CI R^R« 6r1 ^r2r3 

2) Mono substituted phosphonates were obtained by the basic hydrolysis of the disubstituted phosphonate: 

R_^^R1 !!25H, rJ^ri 
6r^ 6-Na* 

R J_NHR^ R J-NHRl 

NHR^ 6'Na* 



55 



3) The monosubstituted phosphonates were chlorinated as before and reacted wHh a different alcohol or 
amine to give vari8t>ly substituted phosphonates: " m b ainerent aicoitoi or 
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O 0 0 

P^(^_ORi !Ei2. R-p-OR^ R'oH R-PHDR^ 

6h CI 



4) Diacyloxyalkyi phosphonates were obtained by reaction of the unsubstlluted phosphonate with a 
substituted chloromethyl ether: 



10 



IS 



20 



0 0 Yi 'I U 



0 R"* 0 



OH 



PROTOCOL FOR DETERMINING ORAL BIOAVAILABILITY OF PRODRUGS 

GrouDS of rats. 3 rats per group were given a single iv dose of 30 mg/kg of PMEA or a single oraJ dose 
of S^rg'iSiv^ ol mSiS mEA prodrug. Urine was collected in 0-24 hr and 24^ hr 'rrtervate ^d 
analyzed ^ cor«entration of PMEA. The bioavailability of PMEA based on unnary excrebon date and the 
bloavalabllity of PMEA when given as a prodrug was determined. The results are summanzed below. 



30 



3S 



40 



ORAL BIOAVAfLABIUTY OF SELECTED PMEA PRODRUGS IN RATS 


COMPOUND OF EXAMPLE NO. 


ABSOLUTE BIOAVAILABILITY 


1 (PMEA) 


7.8 


9 


17.0 


12 


15.4 


13 


14.6 


14 


34.9- 


15 


6.5 


16 


14.2 


22 


16.2 


34 


14.0 


35 


11.1 



•-DETECTED AS THE MONOETHYL ESTER 
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IN VITRO ACTIVITY OF SELECTED PMEA PRODRUGS AGAINST HSV-2 (G STRAINS " 


COMPOUND OF EXAMPLE NO. 


ID5o(ug/mL)» 


TOXICITY(ugAnL) 


1 (PMEA) 

9 

12 

13 

14 

15 

16 

22 

34 

35 

^DOSP WMinM r:iwnO a cna/ atm. 


39 
0.28 
0,17 
<0.1 
3.3 
8.1 
>100 
110 
42 
34 


>166 

100 

100 • 

100 

100 

100 

100 
>168 
>166 
>166 



20 



25 



30 
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depending on the frequency and route of administration treatment may vary 

nMl. 'H »„<, ™:ortrt a 300 MHz M «cZS.^^^^Z!^ J^ •*«. O0»™is. 



'40 



SO 
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I. GENERAL EXPERIMENTAL METHODS FOR COMPOUNDS LISTED IN TABLE I: 

The compounds listed In In Table I were synthesized by the ccresponding method given at the end of 
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the table The reaction time, temperature and yield are given in Table I. The structure of the examples 
JSrespondTto either Figure 1 or Rgure 2 given at the top of Table I. Spectral data for all compounds are 
given in the Examples which follow. 
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METHOD OF SYNTHESIS FOR THE COMPOUNDS OF TABLE 1 

A: A suspension of 1 .00 g (3.66 mmol) of PMEA (1) in 50 mt of thionyl chlorid was refluxed for 1 h (see 
eq. 1). The homogeneous, orange-red solution was cooled and the solvents were removed in vacuo to 
afford crude dichlorophosphonate 2. The dlchlorkJe was taken up in. alcohol or amine 3 and stirred at the 
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16 



temperature and the time given In Table I. After cooling the reaction to room temperature the solvents 
were removed in vacuo. The residue was purified on a 30 mm flash chromatography column, eluting with 
10% MeOH/CH2Cl2 to afford 4. (See eq. I) 



10 




RH 
3 




20 



(eq. 1) 



25 



30 



35 



B: An aqueous suspension of 4 was treated with 4 equivalents of NaOH for the time, and temperature 
given in Table t (see eq. 2). The mixture was cooled to room temperature and acidified until pH 8. The 
majority of the solvent was evaporated and the residue was purified on a C«18 silica gel column, eluting 
with a gradient of 0-25% MeOH/HsO. The fractions containing the product were combined and 
evaporated to give 5. (See eq. 2) 




45 



(eq. 2) 



50 



55 



C: This reaction was performed similarly to method A, except crude dichlorophosphonate 2 was 
suspended in 30 mL of methylene chloride before adding alcohol or amine 3 (see equation l). 
D: This reaction was performed similarly to method B, except after cooling to room temperature, the 
reaction was acidified to pH 1.5. (See equation 2). 

E: This reaction was run similarly to method B, except after cooling to room temperature the reaction 
was suspended in 20 mL of water. The mixture was acidified until pH approximately 3-4. The resulting 
solid was collected and washed with water. The filtrate was cOol d to 0 * C and the resulting solid was 
collected and washed with cold water. The solids were combined and dried overnight at 0.005 mm to 
afford 108 mg (0.23 mmol) of monpoctyl-PMEA, 

F: This reaction was performed simitariy to meUiod A, except crude dichlorophosphonate 2 was 
suspended in 30 mL of acetonitrile before adding alcohol or amirle 3 (see equation 1). 
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SPECIFIC EXPERIMENTAL METHODS FOR COMPOUNDS USTED IN TABLE (. 
EXAMPLE 1 

5 Synthesis of 9-(2-Phosphonylmethoxy)ethytadenine (PMEA). 

A solution of PMEA diisopropyl ester (75.5 g. 0.21 mol) in 800 mL of anhydrous acetonltrile was treated 
with tffomotrlmethylsilane (258 g, 1.69 mol). The resulting clear, yellow solution was stirred at room 
temperature under argon for about 16 hours. The reaction mixture was concentrated in vacuo and the 

10 yellow residue was placed under high vacuum for about 5 hours. 400 mL of water was added next, causing 
immediate formation of a white precipitate. 500 mL of acetone was added and the pale yellow slurry was 
stinred at room temperature for about 14 hours. The solid was collected by filtration, washing twice with 150 
mL off acetone and once with 150 mL of anhydrous ether. An additional portion of solid was collected from 
the filtrate to provide a total of 55.0 g (90%) of PMEA as an off-white crystalline solid. 

15 m.p.> 250-0; UV^a^ (H2O) 208 nm (c = 19,600) 260 nm (c = 14.100); UV^ax (0.1 N HOI) 210 nm (t = 
19.000) 260NM (c = 13,700); UV^ (0.1 N NaOH) 216 nm (« = 9,600) 262 nm (c = 14,500); NMR 
(DMS0-d5) 6 8.14 (s. 1 H). 8.13 (s, 1 H), 7.27 (br s. 2 H, NH2). 4.32 (t, J = 5. 2 H, H-V). 3.87 (t. J = 5, 2H, 
H-2*), 3.59 (d, J = 9, 2H. H-4'); NMR (DMSO-de) B 151.10 (c-6), 148.70 (C-2). 146.28 (C-4), 143.80 (C- 
8). 118.05 (C-5). 69.94 (d, J = 10, 0-2'). 66.27 (d, J = 160, C-4% 43.15 (C-V). 

20 

EXAMPLE 2 

Synthesis of PMEA. diisopropyl ester 

25 A slurry of adenine (21.2 g. 157 mmol). 2-[(diisopropylphosphonyl)methoxy)ethyl methanesutfonate 
* (50.0 g. 157 mmol. prepared according to the procedure described by J. J. Bronson et al, in J. Med. Chem.. 
32: 1457. (1989)), and cesium carbonate (56.0 g. 173 mmol) in 160 mL of anhydrouTOMF was heated to 
120 •C In a 3-necked, 500-mL, round-bottomed flask equipped with a mechanical stirrer and argon inlet 
adapter. The reaction mixture was stirred at 120*0 for about 5 hours and then was allowed to cool to room 

30 temperature. Insoluble material was removed by filtration and the filtrate was concentrated In vacuo to give 
66 g of a yellow solid. Purification by column chromatography on silica gel (10:1, elute with 3% to 5% to 
7% MeOH/ChbCb) provided 33 g off an off-white solid. Recrystallization from ethyl acetate provided 30.1 g 
(54%) of PMEA. diisopropyl ester as a white solid. 

Mp 1 36-1 38 -C; UV^ (MeOH) 262 nm (< = 14,360); NMR (DMSOde) 5 8.15 (s. 1H). 8.09 (s. 1H). 72i 
35 (br s, exch, 2H, NH2). 4.50 (apparent octet. J = 6.5 H. 2H. 2P0CH). 4.34 (t. J = 5 H. 2H. NCH2). 3.91 (t, J 
= 5 H2. 2H. CHzOCHzP), 3.79 (d. J = 8 Hz. 2H, OCH2P), 1.18 (d, J = 6.5 H, 6H. POCH(CH7)2l, and 1.13 
(d. J « 6.5 Hz. 6H. POCH(CH3)2]); '3C NMR (DMSO-ds) $ 155.86 (0-6), 152.23 (0-2), 149.4L6 (C-4), 140.90 
(0-8). 118.57 (0-S). 7052 (d, J = 10 Hz. POOH). 70.05 (d. J = 12 Hz, (OH2OCH2P), 64.50 (d, J = 165 Hz, 
OCH2P). 42.35 (NCH2). 23.6f [d. J = 7 H. POCH(CH3)2]."'and 23.52 [d. J = 7 Hz, POOH(CH3)2l; mass 
40 spectrum (methane DCI), m^ (rel intensity) 358 (MH + . 100), 344 (10), 316 (10). ~ 



Anal. Calc. for Ci4H24N504P: 


0, 47.06; 


H, 6.77; 


N. 19.60. 


Found: 


0. 47.08; 


H, 7.04; 


N. 19.65. 



45 

EXAMPLE 3 

Synthesis of PMEA. (mononnethyl. monophenyl) ester 

so 

The crude residue from the reaction of phenol with dk:hlorophosphonyl-PMEA (see General Method F) 
was purified on a flash chromatography column, eluting with 10% MeOH/OH20l2. Two compounds were 
obtained. PMEA, diphenyl ester eluted first (38%). followed by PMEA. monomethyl. monophenyl ester 
(16%). 

ss Mp 70-72-0. 'H NMR (ds-DMSO) 8.13 (1H, s. H-8). 8.08 (1H, s. H-2). 7.32 (2H, t. J«8. ArH). 7.20 (2H. s, 
NH2). 7.17 (1H. t J = 7. ArH), 7.00 (2H. d. J = 8.5. ArH), 4.34 (2H. t. J = 5. H-V), 4.02 (2H, dd. J«8.3. H-4')! 
3.91 {2H, t J = 5. H-2'), 3.67 (3H. d, J = 11. CHa). '^C NMR (ds-OMSO; 90 MHz). 156.20 (0-6). 152.84 (0-2). 
150.07 (Arc, d. J»8), 149.85 (0-4). 141.79 (0-8), 130.31, 125.64. 120.77 (ArC), 118.84 (05). 70B7 (0-2\ d, 
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J = 11). 63.53 (C-4'. d. J = 163). 53.83 (CH3. d, J =8), 43.01 (C-V. IR (KBr) 3270, 3110, 1670. 1600, 1484. 
MS (FAB)364(M + H. 100), 



Anal. Calcd for CijHisNsOAP'O.ie H2O: 


C. 49.20: 


H. 5.04: 


N, 19.13. 


Found: 


C. 49.61; 


H. 4.92; 


N, 18.73. 



EXAMPLE 4 

10 

Synthesis of 9-(2-Phosphonylmethoxy)ethylhypoxanthine (PMEHx). monoisopropyl ester. 

A solution of 6-chIoro-9-(2-phosphonylmethoxy) ethylpurine. diisopropyl ester (1g, 2.65 mmol) in 27 mL 
of 1 N NaOH was heated at reflux for 1 h, cooled to room temperature, acidified to pH 1 with 1 N HCI and 
16 concentrated in vacuo. The residue was purified by C-18 silica gel column chromatography, eluting with 
20% MeOH/H20 to afford 0.51 g (68%) of the title compound. 

Mp 192-194*C. NMR (dc-DMSO) 12.27 (1H. br s. NH), 8.04, 8.02 (2H, 2s, H-2. H-8), 4.39 (1H, septet. 
J = 6. CHCCHaHs). 4.30 {2H. t, J = 5, H-V), 3.85 (2H, t J = 5, H-2'). 3.65 {2H. d. J =8.5. H-4'). 1.10 (6H, d. 
J = 6. CH3). NMR (D2O) 157.57 (C = 0). 149,94, 149.72 (C-2. C-4). 143.02 (C-8), 119.94 (C-5). 72,09 (CH- 
20 (CH3)2. d, J = 6). 71.70 (C-2\ d. J = 13). 67.80 (C-4'. d, J = 160). 47.05 (OV). 25.28 (CH3, d, J=4). IR (KBr) 
3423, 2979. 1716. 1642, 1587. 1562. MS (FAB) 317 (M + H. 100). 



Anal. Calcd for Ci 1 Hi 7N*O5P*0.4 H2O: 


C. 40,95; 


H. 5.53; 


N. 17.37. 


Found: 


C. 41.19; 


M. 5.68; 


N, 17.51. 



EXAMPLE 5 

30 Synthesis of 6-Chloro-9-(2-Phosphonylmethoxy) ethylpurine. diisopropyl ester. 

To a rapidly stio'ed solution of 9.86 g (63.8 mmol) of 6-chloropurine in 350 mL of anhydrous DMF was 
added 1.91 g (63.8 mmol) of sodium hydride (80% in mineral oil). The heterogeneous mixture was heated 
at 95 *C for atx)ut 20 hours, cooled to room temperature and cor^centrated in vacuo. The residue was 
35 purified by silica gel chromatography, eluting with 5% MeOH/CHzCb to give 4.53 g of the title compound. 

NMR (ds-DMSO) 8.76 (1H. s. H-8). 8.63 (IH. s. H-2). 4.82 (2H. t, J = 5, H-1'), 4.42 (2H. septet, J«6, CH- 
(CH3)2. 3.93 (2H. t, J=5. H-2*). 3.75 (2H. d. J=8. H-4'). 1.11 (6H, d. J = 6, CH3). 1.05 (6H. d. J = 6. CH3). ^^C 
NMR (ds-DMSO) 152.44 (C-6). 151.88 (C-2), 149.39 (04). 148.13 (08). 131.13 (05), 70.24 (CH(CH3)2. d. 
J = 6), 70.00 (C-2'. d. J = 11), 64.64 (C-4'. d, J = 165). 43.43 (C-V). 23.65 (CH3. d, J = 4.5). 23.47 (CHa, d. 
40 J s 4.5). IR (KBr) 3459. 3077, 2982, 2936. 1 564. MS (methane/DCI) 377 (M -f H, 1 00). 



AnaL Calcd for Ci4H22N404Cli Pi : 


C, 44.63; 


H, 5.89; 


N. 14.87. 


Found: 


C, 44.40; 


H, 5.93: 


N, 14.53. 



45 

EXAMPLES 

Synthesis of 9K2«phosphonylmethoxy)ethylpurine. diisopropyl ester. 

50 

A solution of 6-Chloro-9-(2-phosphonylmethoxy) ethylpurine, diisopropyl ester (0.94 g. 2.5 mmol) In 20 
mL of etfianol/cyclohexene (1:1) was treated with 0.5 g of Pd(0H)2/C. The reaction was stirred at reflux for 
atx>ut 20 hours, diluted with hot ethanol and filtered through celite. The filtrate was concentrated in vacuo 
and the residue was purified by flash column chromatography, eluting with 10% MeOH^CH2Cl2 to afford 
55 0.49 g (58%) of the title purine as a clear yellow otL 

NMR (ds-DMSO) 9,14. 8:92, 855 (3H, 3s. H-2, H-6. H-8), 4.47 (2H, I. J -5, H-V), 4.42 (2H, septet. J = 6, 
CH(CH3)2). 3.94 (2H. t. J = 5, H-2'), 3.77 (2H. d. J = 8. H-4'), 1.12 (6H. d. J = 6. CH3), 1.05 (6H. d. J = e, CH3). 
IR 3459, 2982, 2937, 1597. 1581. 1506. MS (methane/DCI) 343 (M + H, 100). 329 (12), 301 (50). 
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AnaL Calcd for CuH23N4O4P*0.25 H2O: 


C. 48.50; 


H. 6.83: 


N, 16.16. 


Found: 


C. 4a55; 


H. 671; 


N. 15.88. 



5 

EXAMPLE 7 

Synthesis of hydroxyacetamides necessary for preparation of Example 21 and Example 27. 

10 (a) 2-hydroxy-N-N-diethylacetamide 

A solution of 10.5 9 (0.0702 rhol) of 2-chloro-N-N- diethylacetamlde in 35 mL of glacial acetic acid was 
rafluxed for about 16 hours. The solvents werel-emoved in vacuo, the last traces of acetic acid being 
a2eotropicaliy removed with toluene. The residue was dissolved In 125 mL of methanol and treated with 
T5 10.85 g (0,20 mol) of sodium methoxide. The reaction was stirred for about 3 hours and neutralized with 
Dowex 50X8-200 acidic ion exchange resin. The solvents were removed in vacuo and the residue was 
purified on a flash chromatography column, etuting with hexane/ethyl acetate 1:1 to give 6.75 9 (73%) of 2- 
hydroxy-N-N-diethyl- acetamide. 

20 (b) 2-hydroxy-N-N-diisopropylacetamide 

To a solution of 44.5 g (0.44 mol) of N-N-diisopropyl amine in 125 mL of hexane cooled to *78 *C was 
added dropwise 17.6 mL (022 mol) of chloroacetyl chloride. After completion of the addition, the cooling 
bath was removed and stirring was continued for about 30 minutes. The isopropylammonium chloride was 
25 removed by filtration through celite and the filtrate was stripped to give 30,5 g (77%) of 2-chloro-N-N- 
diisopropylacetamide. Hydrolysis of this compound as described above afforded a 45% yield of 2-hydroxy- 
N-N-dilsopropylacetamide. 

EXAMPLES 

30 

Synthesis of the difluoroalcohol necessary for the preparation of Example 34. 
(a) 2,2-Difluoro-3-hydroxy-propan-1-ol 

35 A solution of 9.07 g (0.0521 mol) of 1.3-dlacetyl acetone in 20 mL of DAST was stirred at 22 •C for 2 
days, diluted with ethyl acetate, washed wi^ saturated NaHCOa and water, then dried over NazSO^ and 
concentrated to yield 9^ g of l,3-diacetyl-2.2-difluoropropane. The diacetyl-difluoropropane (7.53 g. 38.4 
mmol) was dissolved in 300 mL of methanol and treated with 6.45 g (119 mmol) of sodium methoxide. After 
stimng at 22 ' C for alpout 2.5 hours, the reaction was neutralized with Dowex 50X8-200 acidic ion exchange 

40 resin, filtered and stripped to give 3.7 g (86%) of the title compound. 



EXAMPLE 9 

Synthesis of PMEA, di(pivaloyloxymethyl ester) 

To a rapidly stirred solution of 1.00 g (3.66 mmol) of PMEA in 15 ml of anhydrous DMF was added 2.08 
g (7.32 mmol) of N,N'«dicyctohexyl-4-morpholine carboxamidine and 2.75 g (18.33 mmol) of chloromethyl 
pivalate. The heterogeneous mixture became homogeneous after about 15 minutes and was then allowed to 
stir at 22* C for akxnit 36 hours. The insolubles were filtered off and the filtrate was concentrated in vacuo. 
50 The residue was then partitioned between (50 ml) water and (50 ml) toluene, separated and the water layer 
was then extracted v^th (2 x 50 ml) toluene. The toluene layers were combined and concentrated in vacuo. 
The residue was purified by silica gel chromatography, eluting with 5% MeOH/CHaCb to give 0.59 g (32%) 
of the title compound. 

NMR(CDCb) 8.32(1 H. s. H-8). 7.91(1H, s, H-2), 5.77(2H, s. NH2). 5.63(4H. m. CH2OP). 4.37(2H. t. J = 5.0. 
65 H-V). 3.92 (2H.t,J=5.0.H-2'). 3.82 (2H. d. J = 7.7, H-4'). 1.1 8(1 8H. s. CHa). '^C NMR (CDCI3) 177.55(C = 0). 
156.23(06), 153.45(02). 150.48(0^). 142.05(08). 119,85(05), 82.04 (CHaOP.dJ =6.0), 71,70(02', d, 
J = 9.8), 65.86(C-4\ d, J = 167), 43.63(OV). 38.95(CC( = 0). 27.11 (CH3). IR(KBr) 3366, 3178. 2976, 1754, 
1660. 1600. MS(lsobutane/DCI) 502(M^H.100); 



««4 
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Anal. CakxI. for C2oH32N508Pi: 


a 47,90; 


H, 6.43; 


N. 13.98. 


Found: 


C, 48.02; 


H. 6.27; 


N, 13.63. 



5 

EXAMPLE 10 

Synthesis of PMEA, (mono isopropy), mono pivaloyloxymethyl) ester 

10 To a rapidly stirred solution of 200 mg (0.6 mmol) of monoisopropyl PMEA (example 11) in 5 ml of 
anhydrous DMF was added 0.83 ml (6.0 mmol) of Eta N and 0.45 g (3.0 mmol) of chloromethylplvalate. The 
heterogeneous mixture t>ecame homogeneous after addition of EtaN and was then allowed to stir at 22*C 
for about 3 days. The mixture was concentrated In vacuo and the residue was purified by silica gel 
chromatography, eluting with 10% M0OH/CH2CI2 to give 190 mg (74%) of the title compound. 

76 NMR(CDCl3) 8.30(1H. s, H-S). 7.91(1H. s, H'2), 5.94(2H, s. NH2). 5.57(2H, d, J = 12.5. CH2OP), 4.73 (1H, 
septet. J = 6.2. CH), 4.36(2H. t, J = 5.0, H-V). 3.90(2H, t. J = 5.0. H-2'). 3.75(2H, d. J = 8.0. H-4\ 1.25(6H. d, 
J = 6.2, CH3). 1.17(9H, s» CHa). ^^C NMR (CDCb) 177{C = 0). 155.51(C-6), 152.91(C-2), 149.8 (C-4), 141.43- 
(C-8), 119.36(05). 81.90(CH2OP. d. J = 5.6). 72.18(CH0P. d. J = 7.0). 71.19(C-2'. d. J = 10.0). 65.78(C-4*. d, 
J = 167). 43.37 (C-r). 38.68((CH3)3C). 26.84((CH3)3C), 23.92(CH3CH. d. J = 7), 23.85(CH3CH. d, J = 7). IR- 

20 (KBr) 3432, 1754, 1668, 1602. MS(FAB) 430(M + H. 100). 



Anal. Calcd. for C17H28N5CHP1 *0.50 H2O: 


C, 46.56; 


H. 6.65; 


N, 15.98. 


Found: 


a 46.50; 


H. 6.61; 


N. 15.81. 



25 

EXAMPLE 11 

Synthesis of PMEA, monocholine ester 

30 

A suspension of 2.00 g (7.33 mmol) of PMEA in 30 ml of thionyl chloride was refluxed for about 1 hour. 
The homogeneous, orange-red solution was cooled and the solvents were removed in vacuo to afford crude 
dichlorophosphonate. The dichloride was taken up in 40 ml of acetonitrile and then treated with 2.00 g 
(32.34 mmol) of anhydrous ethylene glycol at reflux for about 16 hours. After cooling to 22*C, the solvents 
35 were removed In vacuo. The residue was purified by sifica gel chromatography, eluting with 
MeOH/CH2Cb/NH4 0H 30/7(yi to give 1.42 g (65%) of mono(chloroethyl)ester. 

A suspension of 460 mg (1.37 mmol) of the above compound In 30 ml of MeOH was saturated with 
MeaN gas at 0* C. The reaction mixture was then sealed in a metal bomb and heated at 65* C for about 2 
days. 

40 After cooling the reaction to 22* C. the solvents were removed in vacuo and the residue was purified by 
C-18 chromatography, eluting with 15% MeOH/H20 to give 270 mg (35% from PMEA) of the title 
compound. 

NMR(CD30D) 8.24(1H, s, H-S). 8.20(1H. s. H-2), 4.42(2H, t, J = 5.0, H-V), 4.12(2H, CH2CH2OP). 3.89(2H, 
t. J = 5.0, H-2'). 3.64(2H.d,J = 9.0,H.4'). 3.47 (2H. m, CH2OP), 3.14(9H. s, CH3). ?3C NMRICD3OD) 157.55(C- 
4S 6). 154.03(0-2), 151.02(C-4). 144.D2(C-8), 120.1 5(C-5), 72.04(0-2'), 6a24(C-4',d, J = 159). 68.05 (CH2OP). 
60.10(CH2CH2OP.d,J = 4.9), 55.02(CH3). 54.98(0H3), 54.92(OH3). 44.95(0-1'). IR(KBr) 3396. 1648. 1602, 
1 480. MS(FAB) 359(M + H,30). 



Anal. Calcd. for Ci3H23N604Pi •2.5H2O: 


C, 38.60; 


H, 7.00; 


N. 20.78. 


Found: 


0. 38.26: 


H. 8.60; 


N. 20.47. 



EXAMPLE 12 

ss 

Synthesis of PMEA, di-(propionyloxymethyl ester) 

To a rapidly stinred solution of 1.00 g (3.66 mmol) of PMEA In 15 ml of anhydrous DMF was added 2.08 
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g (7.32 mmol) of N.N'-dlcycloh©xyl-4-morpho1ine carboxamldine and 2.23 g (18.3 mmol) of chloromelhyl- 
propionate. The heterogeneous mixture became homogeneous within 30 minutes and was then allowed to 
stir at 22*C for about 5 days. The Insolubles wore filtered off and the filtrate was concentrated In vacuo. 
The residue was purified twice by silica gel chromotography (200:1), eiuting with 5%MeOH/CH2Cl2 to give 
5 0.1 4g (9%) of the title compound. 

NMR(CDCb) 8.29(1 H. s, H-8). 7.88(1 H, s. H-2). 5.65(2H, s, NHa). 5.60(4H. m. CH2OP). 4.35(2H, t. J = 5.0. 
H-V). 3.89(2H. t. J = 5.0, H-2') 3.80(2H. d. J'=7.8. H-4'). 2,34(4H, q. J =7.5, CH3CH2), 1.10 (6H, t. J = 7.5. 
CH3). IR(KBr) 3290, 3122. 1766, 1666, 1602, MS(FAB) 446(M + H. 100). 



Anal. Calcd. for C16H24N5Q8P1: 


C, 43.15: 


H. 5.43: 


N, 15.72. 


Found: 


C. 43.07: 


H. 5.46; 


N. 15.42. 



IS EXAMPLE 13 

Synthesis of PMEA, di«(isobutyrioxymethyl ester) 

To a rapidly stin-ed solution of 1.00 g (3.66 mmol) of PMEA in 15 ml of anhydrous DMF was added 2.08 
20 g (7.32 mmol) of N.N'-dicyclohexyl-4-morpholin© cartXDxamidine and 2.48 g (18.3 mmol) of chlorometh- 
lyisobutyrate. The heterogeneous mixture kjecame homogeneous within 30 minutes and was then allowed to 
stir at 22*C for 5 days. The mixture was concentrated in vacuo, partitioned between (50 ml) water and (50 
ml)totuene. The aqueous layer was extracted with (250 ml) toluene and the combined organic layer was 
concentrated in vacuo. The residue was purified by silica gel chromatography, eiuting with 5% 
25 MeOH/CH2Cl2 to give 0.16 g (9%) of the title compound. 

NMR(CDCb) 8.31(1H. s, H-8). 8.28(1 H. s, H-2). 5.68(2H. s, NH2). 5.59{4H, m. CH2OP). 4,33(2H. t. J = 5.0. 
H-r), 3.88(2H, t J=5.0. H-2'). 3.78(2H, d. J=7.7H, H-4*). 2.52(2H. apparent heptet, J = 7.0. CH). 1.11(6H. d. 
J =7.0. CH3). IR(KBr) 3360. 2980, 1758, 1660, 1602. MS(lsobutane/DCI) 474(M + H, 100). 



3a 


Anal. Calcd. for C18H2BN5O8P1 •O.OS H2O: 


C, 44.58: 


H. 6.09; 


N, 14.44. 




Found: 


C. 45.67; 


H. 5.96; 


N, 14.79. 



35 EXAMPLE 14 

Synthesis of PMEA. (mono ethyl, mono isobutyrybxymethyl) ester 

To a rapidly stin'ed solution of 400 mg (1.33 mmol) of monoethyl PMEA In 15 ml of anhydrous DMF 
40 was added 2.00 ml (14.3 mmol) of EtsN and 1.0 g (6.7 mmol) of chloromethylpivalate. The heterogeneous 
mixture became homogeneous after addition of EtsN and was then allowed to stir at 22* C for 2 days. The 
mixture was concentrated in vacuo and the residue was purified by silica get chromatography, eiuting with 
10% MeOH/CH2Ct2 to give 180 mg (33%) of the title compound. 

'H NMR(CDCb) 8.32(1H. s. H-8). 7.92(1H. s. H-2), 5.74(2H, s. NH2). 5.62(2H. m, OCH2OP). 4.38 (2H. t. 
45 J = 5.0. H-V). 4.10(2H. m, CH3CH2OP), 3.92(2H, t. J = 5.0. H-2'). 3.79(2H, d, J = 8.0. H-4'), 1.27 (3H. t, 
J«7.0. CH3CH2). 1.18 (9H. s, ((CR3)C). ^^C NMR (CDCb) 176.87(C=0), 155.40(C-6). 152.94(C-2). 149.8(C- 
4), 141.5i(C-8), 119.7(0-5). 81.85(CH20P. d, J = 6.2), 71.26(C-2\ d. J = 10.2). 65.46(0-4', d, J = 167). 62.73- 
(CH2CH3. d, J = 7.0). 43.49(C-r), 38.70((CH3)3C). 26.84((CH3)3C), 16.27(CH2CH3. d, J = 53). IR(KBr) 3288, 
3120. 2982. 1752. 1666. 1600. MS(FAB) 416(M + H; 100). 

SO 



AnaL Calcd. for C16H26N5O6P1 •O.5H2O: 


C. 45.28: 


H, 6.41; 


N. 16.51. 


Found: 


0. 45.47; 


H. 6.34; 


N, 16.55. 



55 

EXAMPLE 15 

Synthesis of PMEA. mono pivaloyloxymethyl ester 
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To a solution of sodium hyclride(0.95 g. 80%, 31.7 mmot) and benzylalcohol (6.8 ml, 63.5 mmol) in 
anhydrous DMSO (50 ml) was added with stirring a solution of PMEA, diphenyl ester (3,4 g, 8 mmol. 
example 26) in DMSO(50 ml). The mixture was allowed to stir at 22* C for 1 h and concentrated to a volume 
of approximately 25 ml. EtOAc (200 mL) was added and the precipitate was collected by vacuum filtration. 
The precipitate was purified by C-18 chromatogrophy. eluting with 20% MeOH/HzO to give 2.09 g 68%) of 
PMEA, monobenzylester, sodium salt 

To 600 mg (1.56 mmoles) of the above compound in 14 ml of anhydrous DMF was added 2.16 ml (15.5 
mnDoles) of EtaN and 1.44 g (9.61 mmol) of chloromethylpivalate. The mixture was allowed to stir at 22* C 
for 2 days, concentrated in vacuo and the resulting residue was used crude in the following step. 

To a stin-ed solution of the crude mixed ester (300 mg) in 17 ml of EtOH and 17 ml of H2O was added 
3,45 ml of cydohexene and 0.225g of 20% Pd(0H)2/C. The mixture was heated at reflux for 1h, 
concentrated in vacuo and the residue purified by C-18 chromatography, eluting with 100% HzO to give 270 
mg (31% from PMEA, diphenyl ester) of the title compound. 

NMR(d6-DMS0) 8.09(2H. s, H-8, H-2). 7,17(2H, s. NH2). 5.44(2H, m, CH2OP), 4.26(2H, t. J = 5.0. H-f), 
3.83 (2H.t. J = 5.0. H-2'), 3.47(2H, d. J = aO. H-4'). 1.04(9H, s, CH3). ^^C NMR (dc-DMSO) 176.70(C = 0), 
155.98(0-6). 152.39(0-2). 149.55(0-4). 141.30(0-8), 118.59(0-5), 83.14(OH20P). 69.89(0-2'). 64.5(0-4*), 
42.84 (0-V), 38.13 ((OH3)3C) 26.69(0H3). IR(KBr) 3360, 1742, 1648, 1602. 



MS(FAB) 3d6(M-H, 100). HRMS: 


Oalculated: 
Found: 


388.1386. 
388.1377. 



EXAMPLE 16 

Synthesis of PMEA. (mono isopropyl, monophenyl) ester 

A suspension of 0.75 g (2.1 mmol) of monophenyl PMEA in 20 ml of thionyl chloride was refluxed for 1 
h. The homogeneous, orange-red solution was cooled and the solvents were removed in vacuo to afford 
crude monochlorophosphonate. The residue was taken up in 40 ml of isopropyl alcohol and stirred for 16 h 
at 22*0. The solvents were removed in vacuo and the residue was purified by silica gel chromatography, 
eluting with 10% MeOH/CHzOb to give 0.24g (29%) of the titie compound. 

Mp 96-99*C: NMR(CD0l3) 8.31(1H. s, H-8). 7.87(1H. s. H-2), 7.19(5H. m, Ph). 5.96(2H, s. NH2). 4.80 
(1H. apparent heptet. J =6.2. CH), 4.36(2H. t. J = 5.0. H-V). 3.93(2H, t. J = 5.0. H-2'), 3.86(2H, d. J = 7.9, H- 
4*), 1.26(3H, d, J = 6.2, OH3), 1.21(3H. d, J = 6.2 CH3). ^^0 NMR (CDOIs) 155.52(0-6). 152.88(0-2), 150.13- 
(ArO. d. J=8.3), 149.89(0-4), 141.46(0-8), 129.71(ArC). 125.14(ArO). 120.50(^€, d, J=4.5). 119.43(0-5). 
72.65(0H. d. J = 7.3), 71.18(C-2*. d, J = 10.6), 65.27(0-4', d, J = 167.5), 43.45(0-V). 23.93(OH3, d. J = 4.5), 
23.82(OH3. d. J = 4.5). IR(KBr) 3290. 3116. 1670. 1600. MS(lsobutane/DCI) 392(M + H, 100). 



Anal. Oalcd. forC17H^2^fc04P1: 


0.52.17; 


H, 5.66; 


N, 17.89. 


Found: 


0,52.01; 


H, 5.57; 


N. 17.64. 



EXAMPLE 17 

Synthesis of PMEA. (mono-N.NKiiethylacetamide, mono pivaloyloxymethyl) ester 

To a suspension of 0.100 g (0.239 mmol) of PMEA, mono- N.N-diethylacetamlde ester (sodium salt) 
(Example 27) in 2.5 mL off OHaON was added 025 mL of EtsN. whereupon the reaction became 
homogeneous. To this mixture was added 0.17 mL (1.19 mmol) of chloromethyl pivalate. The reaction was 
stinred at 22*0 for 24h. evaporated to dryness in vacuo, and purified on a 20 mm flash column. The title 
compound eluted with 10 % MeOH/CH2Cb to give 25 mg (21%) of a colorless oil. 

NMR (CDOI3) 8.25 (1H, s, H-8). 734 (1H. s. H-2). 6.26 (2H. s, NH2). 5.65 (1H. dd, J = 12.3. 5.4, OOH2O). 
5.60 (1H. dd. J = 12.3. 4.8, OOH2O). 4.75 (1H, dd, J = 14.7, 10.8, O0H20(O)), 4.56 (1H. dd. J = 14.5. 14.3. 
O0H2C(O)). 4.32 (2H. dd, J=5.7, 4.4, H-V), 3.97 (2H, d. J«8.4, H-4'). 3.91 (2H, t. J = 4.8, H-2'). 3.28 (2H. q. 
J=7.5. CHzOHa), 3.09 (1H, q. J=7.2. CH2CH3). 1.12 (9H, s. (CHzh). 107 (3H. m, OHgCHz). I.OS, (3H. t. 
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J = 6.9. CHiCHa). '^C NMR (CDCIa) 177.85 (qO)0). 166.25 (C(O)N). 156.34 (C-6). 153.48 (C-2). 150.49 (C- 
4). 142.22 (C-8), 119.79 (C-5>. 81.94 ((CHsbC). 81.71 (OCHzO). 71.55 (C-2', d. J = 10). 65.10 (C-4\ d. 
J= 165). 63.99 (CCH2OP). 43.53 (C-V), 41.03 (NCHj). 40.78 (NCH2). 27.00 {{CHah). 1421 (CHsCHz). 13.00 
(CH3CH2). MS (FAB) 501 (M + H. 100). IR 3500-3000. 2978. 1750. 1654. 1600. 1480. 1250. ~ 



Anal. Calcd for: C2oH33N6O7P*0.5 H2O 


C. 47.15; 


H. 6.72; 


N. 16.50. 


Found: 


C. 47.30; 


H. 6.58: 


16.14. 



10 The following examples were prepared by the methods given in Table I. 
EXAMPLE 18 

PMEA, cyclic propanyldiester 

IS 

Mp 195-199*C. NMR (d^-DMSO) 8.13 (1H. s. H-8). 8.12 (1H. s. H-2). 4.35 (2H. t J = 4.8. H-V). 4.2 (4H. 
m, CH2OP). 3.95 (2H. d, J =8.8, H-4'), 3.86 (2H. t, J = 4.8, H-2'). 1,98 (IH, m. CH2CH2CH2), 1.55 (1H, m. 
CH2CH2CH2). NMR (dc-DMSO) 156.01 (C-8K 152.48 (C-2), 149.69 (C-4), 141.1 r{C-8), 118.68 (C-5), 
70.71 (C-2\ d, J = 13.8), 68.30 (CH2OP. d. J = 6.9). 64.55 (C-4\ d, J = 158). 42.52 (C-V). 25.85 (CH2CH2CH2. 
20 d, J = 9.0). IR (KBr) 3351. 3169, 1660, 1601. 1256. 1063. MS <FAB) 314 (M + H. 100). 



Anal. Calcd for: CitHi6NsO«P*1.5 H2O 


C, 38.85; 


H. 5.63; 


N. 20.60. 


Found: 


C. 38.63; 


H, 5.46; 


N. 20.49. 



EXAMPLE 19 

PMEA, bis-diethylamlde 

30 

Mp 93-96 'C. »H NMR (ds-DMSO) 8.11 (IH. s, H-8), 8.07 (IN, s, H-2), 7.18 (2H, s. NH2), 4.31 (2H. t. J = 4.8, 
H-r), 3.85 (2H. t, J=4A H-2*). 3.68 (2H. d. J = 8.1. H-4'). 2.70 (8H, m. CHsCHz). 0.86 (12H. t, J=7.0, CH3). 

NMR (ds-DMSO) 155.98 (C-6), 152.33 (C-2), 149.63 (C-4), 141.04 (C-8)7l18.75 (C-5), 70.30 (C-2Td, 
J = 13.0), 66.30 (0-4\ d. J = 133). 42.63 (C-V), 37.53 (CH3CH2). d, J=4.1), 13.93 (CH3, d, J = 1.9). IR (KBr) 
35 3370-2935, 2875. 1680, 1649, 1605. 1211. MS (FAB) 384 (M + H). 100). 



Anal. Calcd for: CisHaoN/C^P'O.S H20 


C. 48.98; 


H. 7.96; 


N. 24.99. 


Found: 


C. 48.85; 


H,7.77; 


N. 24.92. 



EXAMPLE 20 

PMEA. isopropyl ester (sodium salt) 

Mp 77-85*C turned to glass and melted over next 40*C. 'H NMR (de-DMSO) 8.19 (IH, s, H-8), 8.13 (IH, s, 
H-2), 7.22 (2H, s. NH2), 4.30 (2H, t, J = 4.4. H-V), 4.10 (IH, m. OCH), 3.76 (2H. t. J = 4.4, H-2'), 3.31 (2H, d. 
J = 8.6. H-4'). 0.80 (6H. d. J ^6.0, CH3). '^C (ds-DMSO; 90 MHz). 155.90 (C-6). 152.35 (C-2), 149.54 (C-4). 
141.39 (C-8). 118.53 (C-5), 70.23 (OCH, d, J = 10). 68.70 (C-4', d, J = 192). 65.55 (C-2\ d, J = 5), 42.72 (C- 
50 V), 24.43 (CH3). IR (Film) 3321. 3163. 1647. 1601. 1578. MS (FAB) 338 (M + H. 70). 



Anal. Calcd for Ci 1 Hi 7 1^ O4P1 Nai * H2O 


C, 37.18; 


H. 5.38; 


N. 19.71. 


. Found: 


C. 37.11; 


H. 5.49: 


N. 19.71. 



EXAMPLE 21 
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PMEA> cyclic (2.2<limethyl)propanyl diester 

Mp 224-226* a NMR (dc-DMSO) 8.11 (2H, s. H-8. H-2), 7.21 (2H. s» NH2), 4.34 (2H. t. J = 5.0, H-V). 3.99 
(2H, d. J = 8.7, H-4'), 3.91 (2H. t, J = 5.0, H-2*). 3.95-3.75 (4H. m. CH2C(CH3)2CH2), 1.06 (3H. s. CH3). 0.67 
5 (3H, s. CH3). '^C NMR (ds-DMSO; 50 MHz) 155.89 (0-6), 152.33 (C-2), 149.53 (C-4). 140.86 (C-8). 11857 
(C'5). 76.67 (CH2C(CH3)2CH2, d, J =63). 70.44 (C-2*. d. J = 13.7). 64.43 (04'. d J = 157). 42.43 (C-V). 
31.70 (C(CH3)2. d, J = 7.6). 21.05 (CH3), 19.46 (CH3). IB (KBr) 3417, 3324. 3152, 2970, 1668. 1650. 1602. 
MS (FAB) 342 (M + H. 100). 



10 


Anal. Calcd for: Ct3H2oN5O*P"0.25 H2O 


C, 45.18; 


H. 5.97: 


N, 20,27. 




Found: 


C. 45.58; 


H, 6.05: 


N. 20.05. 



16 EXAMPLE 22 

PMEA, 3-hydraxypropanyl ester, (sodium salt) 

1H NMR (ds-DMSO) 8.17 (1H. s, H-8), 8.11 (1H. s. H-2), 7.20 (2H. s. NH2). 5.11 (1H. t. OH). 4.28 (2H. t. 
20 J = 4.7, H-l*). 3.76 (2H. t, J-4.7. H-2'). 3.64 (2H. q. J=6.6, CH2CH2OP), 3.41 (2H. d. J = 8.0, H-4'). 3.35 (2H, 
t J = e.2. HOCHz), 1.45 (2H. m. HOCH2CH2). ^^C NMR (dt-DMSO; 50 MHz) 155.82 (06), 152.25 (C-2), 
149.43 (C-4). 141,38 (C-8). 118.43 (C-5). 69.77 (C-2'. d. J = 10). 67,42 (C-4'. d. J = 152). 59.33 (CH2CH2OP. 
d. J = 6). 56.88 (HOCH2). 42.60 (C-V). 33.91 (HOCH2CH2; d. J = 4). IR (KBr) 3412. 2956. 1647. 1604, 1482. 
1421. MS (FAB) 354 (M-«-H. 17). 



Anal. Calcd for CtiHi7N5 05PiNar2.5 H2O 


C, 33.17; 


H, 5.56; 


N. 17.59. 


Found: 


C, 33.32. 


H, 5J28; 


N, 17,63. 



30 

EXAMPLE 23 

PMEA, monooctyl ester 

35 'H NMR (d5 -pyridine) 9.47, 9.34 (2H, 2s, H-2. H-8). 5.46 (2H. t. J = 4.5). 5.3-5.1 (6H. m, H-2\ Hr4\ 
CH2CH2CH20), 2.68 (2H, m. CH2C^^CH20), 2.33 (2H. m. CH2CH2CH2O). ^l (8H. m. CH3(CH2)»)), 1.79 
(3H. t, J-6.5, CH3). IR (KBr) 3416, 2928, 1690, 1065. MS (FAB) 386 (M4>H, 100). 



40 



Anal. Calcd for: Ci6H28N5O4P'H2O*Na*0.6 NaCI 


C. 41.59; 


H, 6.54; 


N, 15.15. 


Found: 


C. 41.80; 


H. 6.87: 


N. 15.02. 



EXAMPLE 24 

45 

PMEA, dimethyl ester 

Mp 133-135*C. NMR (ds-DMSO) 8.14 (IH, S. H-8). 8.10 (IH. s. H-2). 7.29 (2H. S. NH2), 4.33 (2H, t, 
J = 5.0. H-1'). 3.90 {2H, d. J = a3, H-4'), 3.85 (2H. t. J = 5.0. H-2'), 3.57 (6H. d. J = 10.6. CH3). NMR (ds- 
50 DMSO) 155.87 (C-6). 152.87 (C-2). 149.59 (C-4). 141.27 (C-8). 118.65 (C-5). 70.40 (C-2\ d. J = 11.5). 63.17 
(C-4\ d. J = ia2). 52.79 {CH3. d. J = 6.4), 42.48 (C-V). IR (KBr) 3400. 3188. 1671. 1647. 1605. MS 
(methane/DCI) 302 (M H, 100) 



55 



Anal. Calcd for: CioHi6N504P*0.6 H2O 


C, 38.43; 


H. 5.56; 


N. 22.41 . 


Found: 


C. 38.76; 


H. 5.45; 


N. 22.18. 
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EXAMPLE 25 

PMEA. monomethyl ester, (sodium salt) 

5 NMR (Ck-DMSO) 8.19 (1H. s. H-8)» 8,11 (1H. s. H-2). 7.17 (2H. s. NH2). 4.27 (2H. t, J = 5.0» H-V). 3.77 
(2H. t, J = 5.0. H-2*), 3.35 (2H. d, J = 8.0. H-4'), 3.24 (3H, d, J = 10.0. CHa). (ds-DMSO; 90 MHz) 155,87 
{C-6). 152.26 (C-2), 149.49 (C-4). 141.44 (C-8). 118.51 (C-5), 69.69 (C-2\ d. J = 9), 67.09 (C-4\ d, J = 152). 
50.78 (CH3. d. J»5), 42.64 (C-V). IR (KBr) 3421, 3195, 1649. 1605, 1578. 1516. MS (FAB) 310 (M + H, 23). 



10 


Anal. Calcd for CsHisNsOaPi Nai *3H20*NaCI 


C. 25.63; 


H. 4.54; 


N. 16.61. 




Foufxl: 


C, 25.39; 


H. 4.84; 


N, 16.73. 



HRMS Calcd 


310.0681 


Found: 


310.0688 



20 EXAMPLE 28 

PMEA, mono- 3-amino - 2.2-dimethylpropyl amide 

NMR (D2O) 8.13 (1H. s. H-8). 8.11 (1H. s. H-2), 4.36 (2H;t. J = 5, H-l*). 3.90 (2H. t J = 5. H-2'). 3.53 (2H. 
25 d. J = 8.5. H-4'). 2.71 (2H, s. NH2CH2). 2.07 (2H. d. J = 9.4. ChfeNH), 0.70 (6H. s. CH3). '^C NMR (D2O) 
157.25 (C-6), 154.19 (C-2, 150.78 {C-4). 144.73 (C-8). 120.03 (C-5). 72.24 (C-2\ d. J = 12.5). 69.63 (C-4\ d. 
J = 143). 50,05 (CH2NH), 48.41 (H2NCH2), 45.53 (C-V). 35.36 (C(CH3)2. d. J«4). 24.09 (CH3). IR (KBr) 
3786. 3381. 164a 1605, 1478. MS (FAB) 380 (M + H. 20). HR-MS (M + H) 



3D 



Ana). Calcd for CuHzaN/OsPiNai: 


380.1576. 


Found: 


380.1567. 



35 EXAMPLE 27 

PMEA, mono-hydroxy-2,2-dimethylpropyl ester 

^H NMR (de-DMSO) 8.14 (1H. s. H-8). 8.09 (1H. s. H-2), 7.16 (2H. s. NHa). 5.84 (1H. t. OH). 4.27 (2H. t, 
40 J=4.9. H-r). 3.77 (2H. t J=4.9. H-2*). 3.33 (2H, d, J = 8.7, H-4*). 3.24 (2H. d, J = 10. C(CH3)2CH20P), 3.00 
(2H. d. HOCH2). 0.63 (6H. s. CH3). ^^c NMR (dc-DMSO. 50 MHz). 155.84 (C-6). 152.21 (C-2). 149.45 (C-4). 
141.26 (C-8), 118.48 (C-5), 69.71 (C-2', d. J =9.2). 68.27 (C(CH3)2CH20P. d, J=6.2), 67.48 (C-4\ d. 
J = 152). 65.93 (HOCH2), 42.57 (C-V). 36.71 (C(CH3)2. d, J = 2.5). 21.35 (CHa). IR (KBr) 3426. 2960. 2883, 
1645, 1478. 1417. MS (FAB) 360 (M + H, 100). 



AnaL Calcd. for Ci 3822 NsOsP* 1.3 H2O: 


C. 40.77; 


H. 6.48; 


N. 18.29. 


Found: 


C. 40.96; 


H, 6.16; 


N. 17.95 



EXAMPLE 28 

PMEA, cycllc-2,2-<limethyl-propanyl diamide 

55 'H NMR (d6-DMSO) 8.11 (1H, s, H-8), 8.10 (1H, s. H-2). 7.18 (2H. s. NH2). 4.30 (2H, t. J = 5.0. H-V). 3.83 
(2H. L J = 5.0, H-2'). 3,63 (2H. d. J =7.5. H-4'), 4.27 (2H. s. NH. NH), 2.65-2.40 (4H. m. CH2C(CH3)2CH2). 
0.98 (3H, s, CH3), 0.64 (3H, s. CHj). ^^C NMR (de-DMSO) 156.01 (C-6). 152.42 (C-2). 149.60 (C-4). 141.24 
(C-8). 118.68 (C-5). 70.35 (C-2'. d. J = 11.2), 68.53 (C-4*. d. J = 131). 52.72 (CH2C(CH3)2CH2. d. J = 2.3). 
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42.78 (C-r). 30.54 (C(CH3>2. d. J = 5.6). 24.82 (CH3), 23.25 (CHa). IR (KBr) 3100, 2980, 2940. 1650, 1605. 
MS (FAB) 340 (M +H. 100), HR-MS (M + H) 



Anal. Calcd for CiaH22N7Q2P: 


340.1651. 


Found: 


340.1647. 



EXAMPLE 29 

10 

PMEA. N,N*"dimethy^cyclic propanyl diarhide 

NMR (ds-DMSO) 8.08 <2H. s, H-8. H-2). 7.14 (2H, s. NH2), 4.28 (2H, br s. H-V), 3.80 (2H. br s. H-2*), 
3.73 (2H. dd. J = 7.6. 2.8 H-4'). 2.85-2.60 (4H. m, CH3NCH2). 1.8-1.3 (2H, m, CH2CH2CH2). 2.36 (3H. d, 
IS J=^3, NCHa). 2.33 (3H, d. J =3. NCH3). '^C NMR (ds-DMSO) 156.02 (C-6). 152.44"lC-2). 149.77 (C-4), 
141.09 (C-8), 118.74 (C-5), 70.44 (C-2', d. J = 14), 65.42 (C-4', d. J = 164), 50.22 (NCH3). 42.85 (C-V). 34.28 
(CHaNCHz). 24.79 (CH2CH2CH2). IR (KBr) 3300. 3180. 2930, 2877. 1651. 1600. MS (methane/DCI) 340 
(M + H. 100). 



20 


Anal. Calcd for Ci3H22N7O2P'0.9 HO: 


C. 41.93: 


H. 6.22; 


N. 26.33. 




Found: 


C, 42.33; 


H. 6.19; 


N. 25.93. 



25 


HR-MS (M + H) Calcd for Ci3H22N7Q2P: 


340.1651. 




Found: 


340.1649. 



30 EXAMPLE 30 



PMEA . ttono-^N . N . -diethv lacefcam i d e ester 

35 Mp 189-191 •C. ^H NMR (ds-DMSO) 8.16 (IH, s. H-8), 8.14 (1H. S..H-2), 7.55 (2H. s. NH2). 4.80 (2H. d. 
J = 9.0. C(0)CH20). 4.31 (2H, t. J = 5.0. H-V). 4.03 (2H. t. J = 5.0. H-2'). 3.74 (2H. d. J = 8.5. H-4'). 3.22 (2H, 
q. J = 7. CH3CH2). 3.16 (2H. q, J = 7, CH3CH2), 1.01 (3H. t J = 7. CH3). 1.01 (3H. t. J = 7. CH3). ^^C NMR 
(CF3CO2D; 90 MHz) 166.10 (C = 0). 150.04, 148,67 (C-6. C-4), 144.74, 144.55 (C-2. C-8), 117.96 (C-5), 
70.05 (C^2', d. J-10), 65.37 (C-4\ d, J = 162). 62.87 (C(0)CH2, d, J=5). 43.44 (C-V), 14.06 (CH3), 12,91 

40 (CH3). IR (KBr) 3392, 3093. 1692. 1650, 1515. MS (methane/DCI) 500 (M-t-H, 30). 132 (100). HR-MS 
(M + H) 



Anal. Calcd for Ct4H23N6 0&P: 


387.1546. 


Found: 


387.1543. 



EXAMPLE31 

50 PMEA. mono-acetic add ester 

Mp 197-200-C. ^H NMR (d^-DMSO) 8.19 (IH. s. H-8). 8.17 (IH. s. H-2). 7.75 (2H. s, NH2). 4.34 (2H, d, 
J = 4, C{0)CH20). 4.32 (2H. t, J=5, H-l'), 3.86 (2H. t. J = 6. H-2*). 3.71 (2H. d, J =8. H-4*). ^^C NMR (dc' 
DMSO) 177.19 (C=0. d. J = 7). 156.84 (OB), 153.72 (C-2), 150.03 (C-4). 144.05 (C-8). 119.44 (C-5). 71.66 
55 (C-2% d, J = 1 1). 67.39 (C-4*. d. J = 157). 64.90 (C(0)CH20. d. J = e), 44.69 (C-f). IR (KBr) 3366, 3109. 1690, 
1611. 1516. 1415. MS (FAB) 332 (M + H, 55), 



6 

EXAK^ 



PfAEA 



10 Mp 71 
C(0)C 
J = 5» 
0.86 ( 
(C-4). 

IS (CH2C 
2994| 



20 

EXAU 
25 PME/ 



Mp82 
C(0)C 
J = 5.C 
30 150.5< 
64.75 



35 



EXAM 

40 

PME/ 



Mp2: 

ArH), 
45 (2H. c 
2; d.. 
40). 



55 



EXAN 
PME/ 
Mp 11 
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Anal. Calcd for CioHi4NsO^P*0.3 H20: 


C. 35.74: 


H. 4.38: 


N. 20.85. 


Found: 


C, 35.41; 


H, 4.43; 


N. 20.60. 



IPLE 32 

\, di(butylacetate ester) 

^80*a NMR (ds-DMSO) 8.11 (1H. s, H-8), 8.06 (1H, s. H-2). 7.18 {2H. s. NHz). 4.62 {4H. d, J=»11. 
;H20P), 4.31 (2H, t. J = 5.0. H-V), 4.07 (4H, t. J = 7, CHzOCP)), 4.00 (2K d. J = 8. H-4'). 3.90 (2H. t, 
H-2*). 1.54 (4H. apparent quintet J = 7. CH3CH2CH2). 1.31 (4H, apparent hextet, J = 7.7. CHaCHz). 
6H, t, J = 7. CH3). NMR (ds-DMSO) 168.16 (C = 0. d, J = 4.7). 156.03 (0-6), 152.44 (C-2). 149.59 
141.10 (C-8). 118.65 (C-5). 70.58 (C-2\ d. J = 10). 64.70 (CH20C(0)), 64.19 (C-4\ d. J = 165). 62.05 
)P, d, J = 6). 42.45 (C-V). 30.10 (CHaCHaCHz), 18.53 (CH3CH2), 13.56 (CH3). IR (KBr) 3339. 3158. 
2962, 1764, 1662. 1600. MS (nnethane/DCI) 502 (M + H, 100). 



Anal. Calcd for C20H32N5O8P: 


c, 


47.90; 


H, 6.43; 


N. 13.97. 


Found: 


c. 


47.94; 


H, 6.40; 


N, 13.90. 



IPLE 33 

V, di(ethylacetate ester) 

2-84 'H NMR (ds-DMSO) 8.11 (1H. s, H-8). 8.06 (IH. s. H-2). 7.16 (2H. s. NH2). 4.59 (4H. d. J = 11, 
:H20). 4.30 (2H. t. J«5.0. H-V). 4.13 (4H. q. J=7.0. CH3CH2). 4.00 (2H. d. J=8.0. H-4'). 3.98 (2H. t 
). H-Z), 1.18 (6H, t, J = 7.0. CHa). '^C NMR (D2O) 171.44 (C = 0. d. J = 5). 156.90 (C-6). 153.85 (C-2). 
3 (C-4). 144.66 (08). 119.86 (G-5). 73.02 {C-2\ d. J = 10.6). 66.12 (C-4'. d. J = 166). 64.85 (CH3CH2). 
(C(0)CH20), 45.57 (C-V). 15.22 (CH3). IR (KBr) 3296. 3122, 1764. 1667. 1602. MS (methane^CI) 446 
1. 100). 



Anal. Calcd for Ci « H24 Ob P: 


C, 43.15; 


H, 5.43; 


N, 15.72. 


Found: 


C. 43.04; 


H, 5.33; 


N, 15.58. 



IPLE 34 

\, monophenyl ester (sodium salt) 

23-228-C. NMR (ds-DMSO) 8.14 (IH. s. H-8). 8.13 (IH, s. H-2). 7.50 (2H. s. NH2). 7,25 (2H. t. J = 8. 
7.07 (IH. t, J = 8. ArH). 7.01 (2H. d. J=8. ArH). 4.33 (2K t. J = 5. H-V). 3.89 (2H, t. J = 5. H-2'), 3.73 
I. J = 8. H-4*). NMR (D20; Partial spectrum) 131.46. 126.06 (ArC). 122J27 (ArC. d. J=3.5). 72.27 (0- 
J = 12), 67.68 (0-4*. d, J-160). 46.08 (C-V). IR (KBr) 3389. 3068. 1693, 1594. MS (FAB) 350 (M + H. 



Anal. Calcd for Ci4HicM504P*H20*0.45 Na: 


C. 44.45: 


H. 4B1: 


N. 18.51. 


Found: 


C, 44.45; 


H. 4.45; 


N, 18.45. 



IPLE 35 

\. diphenyl ester 

03-114'C. ^H NMR (ds-DMSO) 8.15 (IH. s. H-8). 8.11 (1H, s, H-2), 7.40 (2H. s, NHa), 7.34 (4H. t, J = 7, 
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ArH), 7.20 (2H. t J = 7, ArH), 7.04 (4H. t» J = 7. ArH), 4.38 (2H. t, J = 5. H-V), 4.24 (2H. d, J = 8. H-4*), 3.98 
(2H. t, J = 5. H-2'). NMR (ds-DMSO) 155.51 (C-6). 151.77 (C-2), 149.57 (C-4), 141.46 (C-8). 130.02, 
125.49. (ArC). 120.56 (ArC. d. J==4), 118.71 (C-5), 70.58 (C-2\ d. J = 12), 63.52 (C-4\ d, J = 164). 42.68 (C- 
V). IR (KBr) 3270. 3100. 1675. 1646. 1601. 1490. MS (FAB) 426 (M-^H, 100). 



Ana!. Calcd for C2oH2oN5O4P'0.25 KfcO: 


C, 55.87; 


H. 4,81; 


N. 16.29. 


Found: 


C. 55.80; 


H. 4.65; 


N, 15.98. 



10 



EXAMPLE 36 



15 



PMEA, m ono-N.N-dilsoDropvlacet amide estier rsodiuin 
salt^ 



Mp 219-221 -C. 1H NMR (dc-DMSO) 8.14 (1H. s. H-8). 8.13 (1H, s. H.2), 7.37 (2H. s. NHj). 4.45 (2H. d. 
J = 9, CH2OP). 4.31 (2H, t. J = 5. H-r). 3.88 (2K J = 5. H-2'). 3.74 (2H, d. J=8. H-4'). 3.43 (2H, m, CH- 
20 (CH^h), 1.26 (6H, d, J = 6. CH3). 1.08 (6H. d. J=6p CHs). ^^C NMR (dg-DMSO/CfeO) 170 (C = 0), 156.90 (C- 
6). 153.89 (02). 150.35 (C-4). 144.29 (C-8), 119.68 (C-5). 71.89 (C-2'. d, J = 12). 67.81 (C-4'. d. J = 158). 
65.25 (CH2OP. d. J = 5). 49.72 (CH(CH3)a). 47.30 (CHCCHgfe). 45.00 (C-V), 21.21 (CHa). IR (KBr) 3425. 
2969. 1691. 1643, 1515. MS (FAB) 415 (M + H. 100). 



25 



Anal. Calcd for CuH27N6OsP*0.67 H2O*0.5 Na: 


C. 43.87; 


H, 6.52; 


N. 19.19. 


Found: 


C. 43.92; 


H. 6.17; 


N. 18.79. 



30 EXAMPLE 37 



PMEA, di-(p-nitro-benzyl ester) 



35 



40 



Mp 190-193- C. NMR (de-DMSO) 8.16 (4H, d, J = a ArH). 8.09 (1H. s. H>8). 8.08 (1H, s, H-2). 7.51 (4H, 
d. J = 8. ArH). 7.17 (2H, s. NH2). 5.10 (4H, d. J = 8. ArChfeO). 4.32 (2H, t. J = 5. H-V), 4.07 (2H. d. J = 8. H- 
4'), 3.90 (2H. t. J=5. H-2'). '^c NMR (de-DMSO) 155.97 (06), 152.94 (02). 149.62 (C-4). 147.19. 143.96 
(ArC). 141.13 (C-8). 128.15. 123.56 (ArC). 118.65 (C-5). 70.62 (C-2\ d. J = 7). 65.86 (ArCHjO. d. J = 6). 63.75 
(C-4\ d. J = 162), 42.49 (C-V). IR (KBr) 3420. 3268, 3110. 1674. 1642, 1604. MS (FAB)"544 (M + H. 60). . 



Anal. Calcd for C22H22N70^P: 


0, 48.63; 


H. 4.09; 


N. 18.05. 


Found: 


C. 48.61; 


H. 4.01; 


N. 18.04. 



45 EXAMPLE 38 

PMEA, mono-p-nitro-benzyl ester, (sodium salt) 



50 



Mp 230-240-a 'H NMR (ds-DMSO) ai9 (2H. d, J = a6. ArH), 8.12 (1H. s. H-8). 8.11 (1H. s, H-2), 7.54 (2H, 
d, J = 8.6. ArH). 4.93 (2H, d. J = 7.7, ArCH20). 4.63 (2H. t. J = 5. H-V). 4.31 (2H. t, J=5. H-2% 3.72 (2H, d, 
Js8.6, H-4'). IR (KBr) 3742. 1930. 1692. 1606. 15ia MS (FAB) 409 (M + H. 27). 





Anal. Calcd for CisHi7lskO&P*0.75 H2O*0.5 Na 


C. 41.58; 


H. 4.30; 


N. 19.40. 


55 


Found: 


C. 41.37; 


H, 3.92; 


N, 19.03. 



EXAMPLE 39 
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PMEA, di-(2,2>2-trichloroethyt ester) 

Mp 155-157*C. NMR (de-DMSO) 8.11 (1H» s, H-8). 8.08 (1H. s, H-2), 7.16 (2H. s, NH2), 4.68 (2H, d. 
I J = 7. CCI3CH2), 4,67 (2H, d. J = 7. CCbCHa). 4.34 (2H, t J = 5. H-V), 4.18 (2H. d» J=8. H-4*), 3.95 (2H. t, 

S J = 5. H-2'). NMR (ds-DMSO) 156.09 (C-6). 152.59 (C-2). 149.71 (C-4). 141.28 (08). 118.75 (C-5). 95.42 
(CCI3, d. J=8.e). 75.48 (CCbCH2. d, J = 5.7). 70.92 (C-2\ d. J = 7). 63.99 (C-4\ d. J=163). 42.72 (C-l'). IR 
(KBr) 3372, 3334, 3210. 1658. 1604, 1576. MS (methane/DCI) 536 (100), 534 (50), 192 (95). 



Anal. Calcd for Ci2H,4N50i4PCl6: 


C. 26.89; 


H, 2.63; 


N, 13.07. 


Found: 


C. 26.85; 


H, 2.55; 


12.86. 



EXAMPLE 40 

IS 

PMEA. inono-(2^>2-trlchloroethyl ester) 

Mp 218-225*0. NMR (dt-DMSO) 8.51 (2H. s. NH2), 8.30. a24 (2H, 2s. H-8. H-2), 4.36 (2H. t. J = 5. H- 
V). 4,33 (2H. d. J = 6, CI3CCH2), 3.72 (2H. d. J = 8. C-4'), 3.91 (2H, t. J = 5. H-2'). '^C NMR (de-DMSO) 
20 153.03 (06). 148.91 (C-2). 148.22 (C-4). 142.78 (C-8), 118.27 (C-5). 97.05 (CCI3). 75.67 (CCI3CH2. d. J = 5). 
69.99 (C-2'. d. J = 10). 66.17 (C-4\ d. J = 159), 43.12 (C-V), tR (KBr) 3424. 1930, 1690. l6lCl514. 1414. 
MS (methane/DCI) 404 (M-i-H. 1). 136 (40). 113 (100). 



Anal. Calcd for CioH,3N50*PCb*0.3 CCI3CH2OH: 


C. 28.34; 


H. 3.05: 


N. 15.59. 


Found: 


C. 28.19; 


H, 3.17; 


N, 15.59. 



EXAMPLE 41 

30 

PMEA, dHbenzoyloxymethyl ester) 

Mp 49-52*0. NMR (bB-DMSO) 8.09 (1H, s, H-8). 7.99 (1H. s. H-2). 7.92 (4H. d. J =7. ArH), 7.87 (2H, t. 
J = 7.5. ArH). 7.49 (2H. t. J =7.5. ArH), 7.18 (2H. s. NH2), 5.82 (4H, d. J = 13. OCHjO). 4.22 (2H. t. J = 5. H^ 
35 r). 4.04 (2H, d. J=8. H-4*), 3.82 (2H. d. J = 5. H-2*) '^C NMR (de-DMSO) 164,35 (0=0). 156.02 (0-6). 
152.45 (C-2), 149.55 (C-4). 140.99 (C-8). 134.22 (ArH). 129.60 (ArH). 128.98 (ArH). 128.35 (ArH). 118.70 (0- 
5). 70.62 (02\ d, J = 11.5). 64.17 (C-4\ d. J = 163). 42.29 (C-r). IR (KBr) 3328. 3182. 1739, 1644, 1602. MS 
(FAB) 542 (M -1-^45). 



Anal. Calcd for 024H24N50iP*0.66 H2O: 


0. 52.09; 


H. 4.61; 


N, 12.65. 


Found: 


0. 52.09; 


H. 4.36; 


N. 12.37. 



45 EXAMPLE 42 

PMEA. di-ft)-trifluorpmethyl benzyl ester) 

Mp 115-125' C. ^H NMR (ds-DMSO) 8.18 (1H. S, H-8). 8,17 (1H. s. H-2). 7.66 (4H. d. J = 8, ArH), 7.47 (4H. 
50 d. J = 8. ArH), 7.57 (2H. s. NH2). 5.09 {4H, d. J = 8. ArOH2). 4.35 (2H. t, J = 5. H-V), 4.04 (2H. d, J =8, H-4*), 
3.91 (2H, t, J = 5. H-2'>. "O NMR (ds-DMSO) 154.99 (0^6), 151.13 (0-2), 149.44 (0-4), 141.7 (0-8). 141.12 
(ArC). 128.63 (CFs-ArC, q. J = 31.8). 127.93. 125.31 (ArC). 124.17 {CF3, q. J = 275). 118.53 (C-5). 70.46 (0- 
2\ d. J = 11). 66.14 (ArCH2. d. J = 5.5). 63.78 (0-4\ d. J = 161). 42.61 (C-V). IR (KBr) 3292, 3118. 1670. 
1602, 1476. MS (FAB) 590 (M + H. 100). 
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Anal. Calcd for C24H22N5O4PF6 'CS H2O: 


C, 48.17; 


H, 3.87; 


N. 11.70. 


Found: 


C. 47.81: 


H, 3.55; 


N, 1 1 .30, 



EXAMPLE 43 

PMEA, mono'(2,2<!ifiuoro-3'hydroxy propyl ester) 

fo NMR (db-DMSO) 8.20 (2H» s, H-8. H-2). 7.80 (2H, s. NH2), 4.34 (2H. t. J«5.0, H-V). 4.04 (2H, dt. 
J=13.2. 7.9). CF2CH2OP). 3.87 (2H, t. J = 5.0. H-2'), 3.70 (2H. d. J = 8.0. H-4'). 3.60 (2H. t, J = 13. HOCHa). 
^3C NMR (DaO/NaOD) 157.34 (C-6). 154.24 (C-2), 150.67 (C-4), 144.72 (C-8). 123.54 (CF2, t J = 30), 120.12 
(C-5). 72.40 (C-2\ d. J = 12), 67.75 (C-4*, d. J = 159). 64,94 (CF2CH20P. dt, J = 30, 5). 63.28 (HOCH2. d, 
J = 27), 45.49 (C-V). IR (KBr) 3310. 3112, 1694, 1602, 1514. MS (FAB) 368 (M + H. 55). HR-MS (M + H). 



Anal. Calcd far CiiHi6NsOsF2P: 


368.0935- 


Found: 


368.0930. 



20 



EXAMPLE 44 



PMEA. mono-(P-triftuoromettiylben2yl ester) 



25 'H NMR (ds-DMSO) 8.13 (2H. s, H-8. H-2). 7.69 (2H. d. J = 8. ArH). 7.49 (2H. d. J = a ArH). 7.34 (2H. s. 
NH2), 4.92 (2H. d. J=8, ArCH20). 4.32 (2H, t J = 5. C-V). 3.87 (2H. t, J=5. H-2'), 3.75 (2H, d, J = 8, H-4*). 
IR (KBr) 3062. 1696, 1602, 1514. 1418. MS (FAB) 432 (M-i- H. 80). HR-MS (M^H). 



30 



Anal. Calcd for Ci6Hi7N5 04PF3: 


432.1048. 


Found: 


432.1039. 



EXAMPLE 45 

3$ 

PMEA; dibutylamide 

Mp 117-119*C. ^H NMR (dc-DMSO) 8.12 (2H. s, H-8, H-2), 7.19 (2H, s. NH2), 429 (2H. t J = 5. H-V), 3,82 
(2H. t. J-5, H-2'). 3.83 (2H, s, NH). 3.52 (2H, d, J=a H-4'), 2.84 (4H, m, CH2NH), 124 (8H. m, 
40 CH3CH2CH2). 0.80 (6H, t, J = 7. CHa). ^^C NMR (A-DMSO) 155.98 (C-6). 152.61 (C-2). 149.71 (C-4). 141.52 
(C-8),"1 18765 (C-5). 70.46 (C-2\ d, J = 11). 67.28 (C-4', d, J = 131). 42.83 (C-V). 39.22 {NHCH2), 34.10 
(NHCH2CH2). 19.59 (CHaCHs), 13.92 (CHa). IR 3278. 3242, 2952, 2928. 2872. 1682, 1608. MS (FAB) 384 
(M-i-H. 100). 



45 



Anal. Calcd for Ci & H30 N7 Q2 P: 


C, 


50.12; 


H. 7.89; 


N. 25,57. 


Found: 


C. 


49.77: 


H. 7.79; 


N. 25.30. 



50 EXAMPLE 46 

PMEA. di(2-methyl-propyl ester) 

Mp 109-110*C. ^H NMR(dB-DMSO) 8.10(1H, S. H-8) 8.05(1H, S. H-2), 7.19(2H, S, NH2). 4.31(2H. t, J = 5.0, 
55 H-V), 3.87(2H,t,J = 5.0.H-2'), 3.85 (2H,dJ=8.5.H-4'), 3.61(4H.dt.J = 6.8.1.4,CH20P), 1.72(2H. apparent hep- 
tet. J = 6-7.CH). 0.77(12H,d.J=e.7,CH3). NMR (ds-DMSO) 158.04(0-6), 152.42(C-2). 149.60(C-4), 141.05- 
(C-8). 118.69(C-5), 71.42(CH20P, d, J=6.7). 70.36(C-2'.d.J = 11.6). 63.65(C-4'.d.J = ie3). 42.52(C-r). 28.72- 
(CH,d,J = 5.7), 18.45(CH3). IR(KBr) 3286, 3104, 2960, 1670, 1600. MS(FAB) 386(M + H, 100). 
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Anal. Calcd for C16H28N5O4P1: 


C. 49.86: 


H. 7.32; 


N, 18,17. 


Found: 


C, 49.81; 


H. 7.26; 


N. 18.11 



5 

EXAMPLE 47 

PMEA, dH3-methyl-butyi) ester 

10 Mp d4-88*C. 'H NMR(CDCb) 8.30(1H. S, H-&) 7.94(1H. S. H-2), 6^1(2H. S. NH2K 4.37(2H. t J«5.0, H-l'). 

4.0l(4H,dt. J = 6.8, 6.8. CH2OP), 3.91 (2H, t. J = 5.0. H-2'). 3.75(2H.d.J = aO.H-4*). 1.63 (2H. apparent heptet. 

J = 6.6. CH). 1.47(4H.dt» J = 6.7, 6.7. CH2CH2OP). 0.84(12H,d.J = 6.5.CH3). NMR (CDCI3) 155.28(C-6). 

152.38{C-2), 150.38(C-4), 141.70(C-8). 119.76(C-5), 71.13(C-2\d,J = 10.0). 65.1 7(C-4\d.J= 166). 65.02 

(CH20P,d.J = 6.8). 43.46(C.r). 39.19 (CH2CH20P.d.J = 5.7), 24.50(CH), 22.31(CH3). 22.29(CH3). IR(KBr) 
T5 3282, 3106. 295a 1672. 1600. 1478. MS(methane/DCI) 41 4(M ^ H,1 00). 



Anal. Calcd. for C18H32N5O4P1 •O.75H2O: 


C. 50.63; 


H, 7.91; 


N, 16.40, 


Found: 


C. 50.67; 


H. 7.66; 


N. 16.26. 



Claims 

1. A compound having the structural formula i 



0 
II 

R2— P — CHj — 0 — P3 — B 



FORMULA I 

35 

wherein 

B represents adenine (A), cytosine (C), guanine (G). thymine (T). Uracil (U). 2,6-diamlno purine 
(DAP), hypoxanthine (Hx). or 2; 
40 and R^ are identical or different and independently of one another are each OR^. NH2, NI-iR^, or 

N(R^)2; in some cases, R^ and R^ are (inked with each other to form a cyclic group, in other cases, R^ 
or R2 is linked to R^ to form a cyclic group; 

R3 represents Ci - C20 alky! which may t>e substituted or unsubstituted by substituents indepen- 
dently selected from the group consisting of hydroxy, oxygen, nitrogen and halogen; when R^ is CH- 
45 (CH20R^)CH2. R^ and R^ each independently represent OH. and R^ is a hydrolyzable ester group; 

R* represents a physiologically hydrolyzable ester group such as CH2C(0)NR52, CH2C(0)0R*. 
CH20C(0)ff. CH{RS)0C(0)R5 (R. S, or RS stereochemistry). CH2C(R*)2CH20H, or CH2OR*; R* may 
also be R^ provided that R^ and R^* are not simuKaneously alkyl; 

R^ represents Ci - C2o alkyl, aryl or aryl-alkyi which may be substituted or unsubstituted by 
50 substituents independently selected from the group consisting of hydroxy, oxygen, nitrogen and 
halogen; 

R^' represents C» - C2o alkyl, aryl or aryl-alkyl which may be substituted or unsubstituted by 
substituents independently selected from the group consisting of hydroxy, oxygen, nitrogen and 
halogen; and 
55 Z is independently chosen from 



00 
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0 0 



5 




10 wherein 

Q is independently chosen from H. CI, NHR?, NR^z, NHC(0)R5. N(C(0)R5)2. OH or NCHN(R5)2. 
2. The compound of claim 1 which has. the general structural formula II 
1$ 0 



20 




FORMULA II 



25 wherein 

B, and are as described in claim 1. provided that when Q is NCHN(RS)2. then R^ is not CHa: 
X represents hydrogen, methyl, CH20R^ (R:S; or RS stereochemistry), hydroxymethyl or substi- 
tuted or unsubstituted lower alkyl; when X is CHaOR^. R^ and R^, may additionally be independently 
chosen from OH: and 

30 R^ IS a hydrolyzable group, provided that when X is CHgOR^. R^ is not CHaPh. and R^ and R^ are 

not both ethoxy. further provided that when R^ is methoxy and R^ is hydrogen, R^ is not methyl, and 
further provided that when R^ is methoxy and R^ Is hydrogen. R^ is not octyl. 

Sl The compound of claim 1 which has the general structural fonmula III 

35 



0 



40 




FORMULA i I I 

45 

wherein 

B, and R* are as previously described in claim 1 ; 
X Is as described in Claim 1; 
50 R^ represents OH, NHj, NHR®, or Nff^; and 

R^ is as described In claim 1. 

4. The compound of cldm l which has the general structural formula IV 



55 
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5 




FORMULA IV 

IS 

wherein 

and are identical or different and independently of one another are each NR^^, or oxygen; 
R^° and R^' are Identical or different and independently of one another are each hydrogen, or PP; 
R12 represents hydrogen or a tower alkyi; 
20 m and n are identical or different and Independently of one another are each 0 or 1; 

B and R^ are as descrit)ed in claim 1 ; and 
X is as described in claim 2. 

5. The compound of claim 1 which has the general structural formula V 

25 



B 



30 




* stereochemistry is or RS 



FORMULA V 



wherein 

R^3 represents OR*. NHR*. NR^a. or OH. provided that R^^ Is not OH when B is A or C; and 
4$ B, R*. and R^ are as described in claim i . 

6. A process for producing the compound of claim 1 which comprises reading the phosphonate with an 
activating agent, then reacting with the. appropriate amine or alcohol; or alkylation of the phosphonate 
with the appropriate alkyI haiide; or hydrolysis of the diethers or diamines. 

50 

7. A process for producing the compound of claim 2 which comprises reacting the phosphonate with an 
activating agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate 
with the appropriate alkyI hatlde; or hydrolysis of the diethers or diamines. 



55 8. 



A proc ss for producing the compound of claim 3 which comprises reacting th phosphonate with an 
activating agent, then reacting with the appropriate amine or alcohol; or hydrolysis of the diethers or 
diamines. 
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9. A process for producing the compound of claim 4 which comprises reacting the phosphonate with an 
activating agent» then reacting with the appropriate amine or alcohol. 

10. A process for producing the compound of claim 5 which comprises reacting the phosphonate with an 
activating agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate 
with the appropriate alkyi halide. 

11. The compound of claim 2 which is PMEA» (mono isopropyl, mono pivaloyloxymethyl) ester; 

PMEA, di-{propionytoxy methyl ester); 

PMEA, di-(isobutyryloxymethyl ester); 

PMEA. (mono ethyl, mono isobutyrytoxymethyl) ester, 

PMEA, (mono isopropyl, monophenyl) ester; 

PMEA, bis-diethylamide; 

PMEA, di(butylacetate ester); 

PMEA, di-(ethylacetate ester); 

PMEA, diphenyl ester; 

PMEA, di-(p-nitro-benxyl ester); 

PMEA, dl-(2,2,2-trichloroethyl ester; 

PMEA, di-(ben2oyloxy methyl ester; 

PMEA. di-(p-trifluoromethyl benzyl ester; 

PMEA, dibutylamide: 

PMEA, di(2-methyl-propyl ester); 

PMEA. di-(3-methyl-butyl) ester. 

12. The compound of claim 3 which is PMEA di(pivaloyloxymethyl ester); 

PMEA, monocholine ester 

PMEA, mono pivaloyloxymethyl ester; 

PMEA, (mono-N,N-diethylacetamide. mono pivaioyloxymethyl) ester; 
PMEA, a-hydroxypropanyl ester; 
PMEA, monooctyl ester; 

PMEA. mono-3-amino-2,2-dimethylpropyl amide; 

PMEA, mono-hydroxy-2,2-dimethylpropyl ester; 

PMEA, mono-N»N-diethylacetamlde ester; 

PMEA, mono-acetic add ester; 

PMEA, monophenyf ester; 

PMEA, mono-N.N-diisopropylacetamide ester; 

PMEA, mono-p-nitro-benxyl ester; 

PMEA, mono-(2Z2-trichloroethyI ester; 

PMEA, mono-(2,2*difiuoro-3-hydroxy propyl ester); 

PMEA. mono*(p-trifluorDmethylbenzyl ester). 

13. The compound of claim 4 which is PMEA, cyclic propanyldiester; 

PMEA, cyclic (2,2-dimethyl)propanyl diester; 
PMEA, cycilc-2.2-dimethyi-propanyl diamlde: 
PMEA. N,N'-dimethyl-cyclic propanyl diamide. 

14. A compound of claim 1 - 13 for use in the treatment of viral infection in a mammal which comprises 
administering an antiviral effective nontoxic dose ot one of said substances to the said mammal. 

15. A compound of claim 1 - 13 for use in inhtt>iting growth of a tumor in a mammal which comprises 
administering to said mammal bearing a tumor a substantially nontoxic antitumor dose of at least one 
compound of claim 1-13. 

16. A pharmaceutical composition which comprises at least one compound of claim 1 - 13 in association 
with a pharmaceutically acceptable substantially nontoxic carrier or excipient. 

Claims for the following Contracting State : ES 
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1. 



A process for producing a compound having the stojctural formula I 



II " 
r2_P 



CHj — 0 




FORMULA I 



wherein 



B represents adenine (A), cytosine (C), guanine (G), thymine (T), Uracil (U), 2,6-diamino purine 
(DAP), hypoxanthine (Hx)» or Z; 

and are identical or different and independently of one another are each OR^. NH2, NHR^, or 
N(R^)2; in some cases, R** and R^ are linked with each other to form a cyclic group, in other cases. 
or R2 is linked to R^ to form a cyclic group: 

R3 represents Ci * C20 alkyi which may be substituted or unsubstltuted t>y substituents indepen- 
dently selected from the group consisting of hydroxy, oxygen, nitrogen and halogen; when R3 is CH- 
(CH20R^)CI*i2t R^ and R^ each independently represent OH, and R^ is a hydrolyzable ester group; 

R* represents a physiologically hydrolyzable ester group such as CH2C(0)NR52. CH2C(0)OR5, 
CH20C(0)R5. CH(RS)OC{0)R^ (R, S. or RS stereochemistry), CH2C(R5)2CH20H, or CHaOR^; R* may 
also be R^' provided that R* and R^' are not simultaneously alkyI; 

R^ represents Ci - C20 alkyI, aryl or aryl-alkyi which may be substituted or unsubstituted by 
substituents independently selected from the group consisting of hydroxy, oxygen, nitrogen and 
halogen; 

R^' represents C4 - C20 alkyI, aryl or aryl-alkyi which may be substituted or unsubstituted by 
substituents independently selected from the group consisting of hydroxy, oxygen, nitrogen and 
halogen; and 

Z is independently chosen from 



Q is independently chosen from H. CI. NHR^. NHC(0)R?. N(C(0)RS)2. OH or NCHN(R^)2. 
which process comprises reacting the phosphonate with an activating agent, then reacting with the 
approp>riate amine or alcohol; or alkylation of the phosphonate with the appropriate alkyl halide; or 
hydrolysis of the diethers or diamines. 




wherein 



2. A process for producing a compound having the structural formula II 




FORMULA I I 
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wherein 

B, and are as described in claim 1, provided that when Q is NCHN(R^)2» then is not CHa; 

X represents hydrogen, methyl, CHaOR^ (R;S; or RS stereochemistry), hydroxymethyl or substi- 
tuted or unsubstituted lower alley t; when X is CH20R^, R^ and R^, may additionally be independently 
5 chosen from OH; and 

R^ is a hydrolyzable group, provided that when X is CHaOR^, R^ is not CH2Ph, and R^ and R^ are 
not both ethoxy. further provided that when R^ is methoxy and R^ is hydrogen, R^ is not methyl, and 
further provided that when R^ Is methoxy and R^ Is hydrogen. R^ Is not octyl, which process comprises 
reacting the phosphonate with an activating agent, then reacting with the appropriate amine or alcohol; 
10 or alkylation of the phosphonate with the appropriate alkyi halide; or hydrolysis of the diethers or 
diamines. 

3. A process for producing a compound having the structural formula III 

IS 



0 



20 




FORMULA Ml 

25 

wherein 

B. and R^ are as previously described in claim 1; 

X is as described in Claim 2; 

R' represents OH, NH2, NHff, or NR?2; and 
30 R? is as described in claim 1, which process 

comprises reacting the phosphonate with an activating agent, then reacting with the appropriate amine 
or alcohol; or hydrolysis of the diethers or diamines. 

4. A process for producing a compound having the structural formula IV 

36 



40 




45 

FORMULA IV 

50 Wherein 

R^ and R^ are identical or different and independently of one another are each NR^^. or oxygen: 

and R" are identical or different and independently of one another are each hydrogen, or R*; 
R12 represents hydrogen or a lower alkyI; 

m and n are identical or different and independently of one another are each 0 or 1 ; 
55 B and R^ are as described in claim 1; and 

X is as descrit^ed in claim 2, which procress comprises reacting the phosphonate with an activating 
agent, then reacting with the appfopriate amine or alcohol. 
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A process for producing a compound having the structural formula V 



B 




* Stereochemistry is S, or RS 



FORMULA V 



wherein 

represents OR*, NHR^, NR^a. or OH, provided that R^' \^ not OH when B is A or C: and 
B. R* and are as described in claim 1, which process comprises reacting the phosphonate with 
an activating agent, then reacting with the appropriate amine or alcohol; or alkylatlon of the 
phosphonate with the appropriate alkyi halide. 

A process according to claim 2 for producing the following compounds: PMEA. (mono isopropyl, mono 
pivaloyloxymethyl) ester; 

PMEA. di-(propionyloxymethyl ester); 

PMEA, di-(isobutyryloxymethyl ester); 

PMEA, (mono ethyl, mono Isobutyryloxymethyl) ester; 

PMEA. (mono isopropyl. monophenyl) ester; 

PMEA. bis-diethylamide; 

PMEA, di(butylac6tate ester); 

PMEA. di-(0thylacetate ester); 

PMEA. diphenyl ester; 

PMEA. di-(p-nitro-benxyl ester); 

PMEA, di-(2,2^-trichloroethyl ester; 

PMEA, di-(benzoyloxymethyl ester; 

PMEA, di-(p-trifluoromethyl t>enzyl ester; 

PMEA. dibutylamide; 

PMEA, di(2-methyl-propyl ester): 

PMEA, di-(3-methyl-butyt) ester. 

A process according to claim 3 for producing the following compounds: PMEA di(pivaloyloxymethyl 
ester); 

PMEA, monocholine ester; 

PMEA, mono pivaloyloxymethyl ester; 

PMEA, (mono-N.N-diethylacetamide. mono pivaloyloxymethyl) ester; 
PMEA, 3-hydroxypropanyt ester; 
PMEA, monooctyl ester» 

PMEA. mono-3-amlno-2,2-dimethylpropyt amide; 
PMEA, mono-hydroxy-2,2-dimethylpropyl ester; 
PMEA. mono-N.N-diethylacetamlde esten 
PMEA, mono-acetic acid ester; 
PMEA. mortophenyl ester; 
PMEA, mono*N,N-diisopropyldcetamide est r; 
PMEA, mono-p-nitro-k)enxyl ester; 
PMEA, mono-(2.2.2-trichloroethyl ester; 
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PMEA, mono-(2,2-clifluoro-3-hydroxy propyl ester); 
PMEA. mono-(p-trifluoromethylben2yl ester). 

& A process according to claim 4 for producing the following compounds: PMEA, cyclic propanyldiester; 
PMEA, cyclic (2,2-dim©thyl)propanyl diester; 
PMEA, cyclic-2,2-dimethyhpropanyl diamlde; 
PMEA. N,N'-dlmethyl-cyclic propanyl diamlde. 

9. A process for prepanng a pharmaceutical composition which comprises mixing an amount of at least 
one compound as defined in claim 1 - 8, or combination thereof, with a pharmaceutically acceptable 
substantially nontoxic carrier or excipient. 

Claims for the following Contracting State GR 

1. A compound having the structural formula I 

0 
II 

R2 — P — CHj — 0 — R3 — B 
I 

FORMULA I 



wherein 

B represents adenine (A), cytosine (C), guanine (G), thymine (T). Uracil (U). 2.6-didmino purine 
(DAP), hypoxanthine (Hx), or Z; 

and are identical or different and independently of one another are each OR^, NHa, NHR^, or 
N(R^)2; in some cases, R^ and R^ are linked with each other to form a cyclic group, in otiier cases, R* 
or R^ is linked to R^ to form a cyclic group; 

R^ represents Ci - C20 alkyi vvhich may be substituted or unsubstituted by substituents indepen- 
dently selected from the group consisting of hydroxy, oxygen, nitrogen and halogen; when R^ is CH- 
(CH20R^)CH2. R^ and R^ each independently represent OH, and R^ is a hydrolyzable ester group; 

R* represents a physiologically hydrolyzable ester group such as CH2C{0)NR?2. CH2C(0)OR5, 
CH20C(0)R5, CH(ff)0C(0)R5 (R. S, or RS stereochemistry), CH2C(R5)2CH20H, or CH2OR5; R* may 
also be PP' provided that R^ and R^ are not simultaneously alkyI; 

represents Ci - C20 alkyI, aryl or aryl-alkyi which may be substituted or unsubstituted by 
substituents independently selected from the group consisting of hydroxy, oxygen, nitrogen and 
halogen; 

R^' represents - C20 alkyI, aryl or aryl-alkyl which may be substituted or unsubstituted by 
substituents independently selected from the group consisting of hydroxy, oxygen, nitrogen and 
halogen; and 

Z is independently chosen from 



0 0 




wherein 

Q is independently chosen from H, CI, NHR^, HP?2. NHC(0)R?, N(C(0)R^)2, OH or NCHN0¥)2. 
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2. The compound of claim 1 which has the general structural fornnula II 




FORMULA I I 



wherein 



B, and are as described in claim 1. provided that when Q is NCHN(R^)2, then R^ is not CH3: 
X represents hydrogen, methyl, CHaOR^ (R;S; or RS stereochemistry), hydroxymethyl or substi- 
tuted or unsubstituted lower alkyi; when X is CKkOR^, R* and R^. may additionally be independently 

chosen from OH; and 

R^ is a hydrolyzable group, provided that when X is CH20R*, R^ is not CHaPh. and R^ and R^ are 
not both ethoxy. further provided that when R^ is methoxy and R^ is hydrogen. R^ is not methyl, and 
further provided that when R^ is methoxy and R^ is hydrogen. R^ is not octyl. 

3w The compound of claim 1 which has the general structural formula 111 



wherein 

B, and are as previously descnbed in claim 1; 
X is as described in Claim 1; 
R7 represents OH. NHa, NHR^ . or NR^z; and 
R? is as de$cnt>ed in claim 1. 

4. The compound of claim 1 which has the general structural formula IV 



and PP are identical or differ nt and independently of one another are each NR*^, or oxygen; 




FORMULA I U 




FORMULA IV 



wherein 



44 
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and R^* are Identical or different and Independently of one another are each hydrogen, or 
R^2 represents hydrogen or a lower alkyi; 

m and n are Identical or different and Independently of one another are each 0 or 1 ; 
B and are as described In claim 1; and 
X is as described in claim 2. 

5. The compound of claim 1 which has the general structural formula V 



B 




* Stereochemistry is R. or RS 



FORMULA V 



wherein 

represents OR* . NHR^. NR^a. or OH. provided that R^^ Is not OH when B is A or C; and 
B. R^, and R^ are as described In claim 1. 

6. A process for producing the compound of claim 1 which comprises reacting the phosphonate with an 
activating agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate 
with the appropriate alkyi hallde; or hydrolysis of the diethers or diamines. 

7. A process for producing the compound of claim 2 which comprises reacting the phosphonate with an 
activating agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate 
with the appropriate alkyi halide; or hydrolysis of the diethers or diamines. 

8. A process for producing the compound of claim 3 which comprises reacting the phosphonate with an 
activating agent then reacting with the appropriate amine or alcohol; or hydrolysis of the diethers or 
diamines: 

9. A process for producing the compound of claim 4 which comprises reacting the phosphonate ¥vith an 
activating agent, then reacting with the appropriate amine or alcohol. 

10. A process for producing the compound of claim 5 which comprises reacting the phosphonate with an 
activating agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate 
with the appropriate alkyi halkle. 

11. The compound of claim 2 which is PMEA, (mono isopropyl, mono pivaloyloxymethyl) ester; 

PMEA. di-(propionyloxymethyl ester); 

PMEA. di'(isobutyryloxymethyl ester); 

PMEA, (mono ethyl, mono Isobutyryloxymethyl) ester; 

PMEA, (mono isopropyl, monophenyl) ester; 

PMEA, bis<liethylamkJe; 

PMEA, di(t>utylacetate ester); 

PMEA, di-(ethylacetate ester); 

PMEA, diphenyl esten 

PMEA, diKp-nitro-tienxyl ester); 
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PMEA. dl-(2.2,2-trichloroethyI ester; 
PMEA, di-(ben2oyloxymethyl ester; 
PMEA, di-(p-trifluoromethyl benzyl ester; 
PMEA, dibutytamide; 
PMEA, di(2-methyl*propyl ester); 
PMEA, di-(3-methyl-butyl) ester. 

12. The compound of claim 3 which is PMEA di(plvaloyloxymethyl ester): 
PMEA, monocholine ester; 
PMEA, mono pivaloyloxymethyl ester; 
PMEA. (mono-N.N-diethytacetamide, mono 
pivaloyloxymethyl) ester; 

PMEA, 3-hydroxypropanyl ester; 
PMEA. monooctyl esten 

PMEA, mono^3-amino-2,2-dimethylpropyl amide; 

PMEA. mono-hydroxy-2,2-dimethy {propyl esten 

PMEA, mono-N,N-diethylacetamlde ester; 

PMEA. mono-acetic acid esten 

PMEA, monophenyl ester; 

PMEA. mono-N.N-diisopropylacetamide ester; 

PMEA, mono-p-nitro-benxyl ester; 

PMEA, mono-(2,2,2-trichloroethyl ester: 

PMEA, rnono-(2,2-dif1uoro-3^hydroxy propyl ester): 

PMEA. mono-(p-trifluoromethylben2yl ester). 

13l The compound of claim 4 which is PMEA. cyclic propanyldiester; 
PMEA, cyclic (2,2-dimethyl)propanyl diesten 
PMEA, cycllc*2,2-dlmethyH>ropanyl diamide; 
PMEA, N,N'*dtmethyl-cyclic propanyl diamide. 

14. A compound of claim 1 - 13 for use in the treatment of viral infection In a mammal which comprises 
administering an antiviral effective nontoxic dose of one of said substances to the said mammal. 

15- A compound of claim 1 - 13 for use in inhibiting growth of a tumor in a mammal which comprises 
administering to said mammal bearing a tumor a substantially nontoxic antitumor dose of at least one 
compound of claim 1 • 13. 



1& A process for preparing a phanmadeutical composition which comprises mixing at least one compound 
of claim 1-13 with a phanDaceutically acceptable substantially nontoxic canier or excipient. 
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Annex 1 



Claim 1: The definition of R* is not clear. m the 
description of the application the meaning of "physiolocical 
hydrolizable" is not explained. The alkyl and aryl efters selo ?o 
be not within the definition of the physiologically hydrolisable 
^f^®"^^' .^^ecause they are alternatively claimed with R»'. On the 
^wf ^K^^f is claimed that they can not be simultaneously 

I II' 15*' ^^^^ ^^'^ alternatively alkyl- The definitions 

exist' ***** correct. A substituent nitrogen does not 

. 'rt*^"' 2: The definition of R« in claim 2 is broader than the 
definition of claim 1, but claim 2 shall be dependent from claim 
1. This is a contradiction. The definitions of R» and R» are not 
correct. Following claim 1 they can not be H, methoxy or ethoxy. 
They can only be OH if R« is an ester group. This too is iii 
contradiction with claim 1. *» too is m 

i„ r.-,^*^^ ^'^^^ ^ *® described in claim 1 as is stated 

iLii^^ 3. The description of x in claim 2 is not in the scope of 
«i h l^^'^lt the "leaning of X is not clear. The definition 
iLi] i! ^^^''S' VV" the correspondend R» in claim 1. but claim 3 
shall be dependent from claim 1. This Is a contradiction. 

nitrogen^ searched with the exception of R* bseing 

Claim 5: Since the meaning of R* in claim 1 is not clear the 
search was limited to the examples given for R* aSd the 
definitions for R- with exception of the lubstltu^^t nltrojen. 

Of the'?uLf"i? = 5 Sd'??-i%-.'' P-tially searched in the scope 
scope'il'"c!aliri!^5 aSi'n!l3!"" """^^'^ ""^'^^^^ ^» 



